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"CTUSBDU
*þ UIF QBTU EFDBEFT BO FYQPOFOUJBM HSPXUI PG SFTFBSDI JO UIF ESVH EFMJWFSZ IBT UBLFO QMBDFɨF ëFME IBT FYQBOEFE JO OVNFSPVT EJSFDUJPOT BT OFX NFUIPET BOE BEWBODFE TUSBUFHJFT
IBWF CFFO QSPQPTFE XJUIJO JOUFSEJTDJQMJOBSZ DPMMBCPSBUJPOT "DUJWF UBSHFUJOH BOE TJUF TQFDJëD
USJHHFSFE SFMFBTF BSF UXP QSJODJQMFT UIBU BSF FYQFDUFE UP CSJOH UIF ëFME DMPTFS UP GVMëMMJOH 1PVM
&ISMJDIhT WJTJPO PG B hNBHJD CVMMFUh GPS USFBUNFOU PG DBODFS 1BSUJDVMBSMZ UIF TUSBUFHZ PG VTJOH VQ
SFHVMBUFE FO[ZNFT BT TJUF TQFDJëD USJHHFST IBT UIF QPUFOUJBM UP BDIJFWF UIF JODSFBTFE UIFSBQFVUJD
PVUDPNF NBOZ QSFTFOU GPSNVMBUJPOT MBDL ɨF MBDL PG LOPXMFEHF BCPVU UIF UVNPVS NJDSPFO
WJSPONFOU BOE IPX UIF MJQJE DPNQPTJUJPO QPTTJCMZ DIBOHFT EVSJOH CMPPE DJSDVMBUJPO NBZ CF
UIF VOEFSMZJOH DBVTF XIZ GFX MJQPTPNBM GPSNVMBUJPOT QBTT UIF DMJOJDBM USJBMT &TQFDJBMMZ UIF
MBDL PG EBUB EFTDSJCJOH UIF JO WJWP SFMFBTF PG FODBQTVMBUFE ESVHT PO B NPMFDVMBS CBTJT IJOEFST
UIF ESVH EFMJWFSZ ëFME GSPN SFBDIJOH JUT QPUFOUJBM *O UIF QSFTFOU UIFTJT UIF FêFDU PG MJQPTPNBM
TVSGBDFNPEJëDBUJPOT PO FO[ZNBUJD BDUJWJUZ BT XFMM BT UIF NPMFDVMBS CFIBWJPVS PG B MJQPTPNBM
NFNCSBOF FYQPTFE UP FO[ZNBUJD USJHHFSJOH IBWF CFFO JOWFTUJHBUFE JO PSEFS UP HBJO GVSUIFS
GVOEBNFOUBM JOTJHIU JOUP BDUJWF SFMFBTF
ɨF TVSGBDF PG OPWFM MJQPTPNBM ESVH EFMJWFSZ TZTUFNT CFJOH SFQPSUFE JO UIF MJUFSBUVSF BSF
NPEJëFE XJUI WBSJPVT GVODUJPOBMJUJFT JO BO BUUFNQU UP BUUBJO UIF EFTJSFE JOUSBDFMMVMBS EFMJWFSZ
PG UIF FODBQTVMBUFE ESVH "NPOH UIFTF NPEJëDBUJPOT EJêFSFOU EFOTJUZ PG QPMZFUIZMFOF HMZDPM
BOE TVSGBDF DIBSHF BSF UIF NPTU DPNNPO $IBQUFS ǭ EFTDSJCFT IPXNBTT TQFDUSPNFUSZ XBT VTFE
UP HBJO JOGPSNBUJPO PO IPX UIFTF TVSGBDF NPEJëDBUJPOT BêFDUFE UIF FO[ZNF BDUJWJUZ PG NBUSJY
NFUBMMPQSPUFJOBTF Ǭ XIJDI JT IJHIMZ VQSFHVMBUFE FOEPQSPUFBTF JO DBODFSPVT UJTTVF UPXBSET B
TVSGBDFBODIPSFE TVCTUSBUF 'VSUIFSNPSF UIF FêFDU PG UIF QSFTFODF PG CPWJOF TFSVN BMCVNJO
EVSJOH UIF FO[ZNF TUVEJFT XBT JOWFTUJHBUFE JO PSEFS UP TJNVMBUF QSPUFJO BETPSQUJPO BOE PQ
TPOJTBUJPO PG UIF MJQPTPNFT EVSJOH CMPPE DJSDVMBUJPO ɨF BDRVJSFE LOPXMFEHF PO UIF USJHHFS
NFDIBOJTN BMMPXT GPS PQUJNJTBUJPO PG UIF SFMFBTF PG UIF FODBQTVMBUFE ESVH
*O UIF GPVSUI DIBQUFS UISFF OFXMZ TZOUIFTJTFE MJQJEQFQUJEFQPMZFUIZMFOF HMZDPM DPOKVHBUFT
IBWF CFFO DIBSBDUFSJTFE BOE UIFJS BQQMJDBUJPO JO NFEJBUJOH USJHHFSFE SFMFBTF XBT FYQMPSFE ɨF
DIBSBDUFSJTBUJPO TIPXFE JOUFSFTUJOH GFBUVSFT PG UIF DPNQPVOET XIJDI GPSN TUJê SPEMJLF NJ
DFMMFT CZ UIFNTFMWFT ɨF UISFF DPNQPVOET XFSF JODPSQPSBUFE JO WBSJPVT MJQPTPNBM GPSNVMB
UJPOT BOE UIF TUBCJMJUZ PG UIF NFNCSBOFT VQPO FO[ZNF BDUJWBUJPO XBT JOWFTUJHBUFEɨFTF SFTVMUT
ZJFMEFE GVSUIFS JOTJHIU JOUP IPX UIF NFNCSBOF DPNQPTJUJPO JT DPOOFDUFE UP UIF SFTVMU PG BDUJWF
FO[ZNBUJD USJHHFSFE SFMFBTF
'JOBMMZ FODBQTVMBUJPO PG DJTQMBUJO JO EJêFSFOU MJQPTPNBM GPSNVMBUJPOT BOE UIF FO[ZNBUJD
USJHHFE SFMFBTF XFSF JOWFTUJHBUFE ɨF SFTVMUT JOEJDBUFE UIBU GVSUIFS JNQSPWFNFOUT XFSF OFDFT
TBSZ UP PCUBJO UIF EFTJSFE SFMFBTF QSPëMF ɨJT JMMVTUSBUFT UIF OFFE PG VOEFSTUBOEJOH UIF SFMFBTF
NFDIBOJTN PO B NPMFDVMBS CBTJT JO PSEFS UP BDIJFWF UIF EFTJSFE SFTVMUT
"MUPHFUIFS UIF XPSL QSFTFOUFE IFSF IBT UBLFO B TUFQ BXBZ GSPN UIF HFOFSBM SFTFBSDI CFJOH
EPOF JO UIF ESVH EFMJWFSZ ëFME BOE JOWFTUJHBUFENPSF GVOEBNFOUBM QSPDFTTFT XIPTF VOEFSTUBOE
JOH JT OFDFTTBSZ GPS EFTJHOJOH OPWFM MJQPTPNBM ESVH EFMJWFSZ TZTUFNT VTJOH B SBUJPOBM BQQSPBDI
WJJ

%BOTL SFTVNÏ
*ôF TFOFTUF ÌSUJFS FS GPSTLOJOHFO JOEFO GPS ESVH EFMJWFSZ WPLTFU FLTQPOFOUJFMU 'FMUFU IBS VEWJEFU TJH J UBMSJHF SFUOJOHFS PH HS J EBH CSVH BG NBOHF OZF NFUPEFS PH BWBODFSFEF TUSBUFHJFS
GSB BETLJMMFMJHF UWSGBHMJHF PNSÌEFS "LUJW UBSHFUFSJOH PH WWTTQFDJëL BLUJW GSJHJWFMTF FS UP QSJO
DJQQFS EFS GPSWFOUFT BU CSJOHF GFMUFU UUUFSF QÌ BU PQGZMEF 1PVM &ISMJDIhT WJTJPO PN FO hNBHJD
CVMMFUh UJM CFIBOEMJOH BG LSGU *TS TUSBUFHJFO NFE BU CSVHF PQSFHVMFSFEF FO[ZNFS UJM WWTTQFDJ
ëL GSJHJWFMTF IBS QPUFOUJBMF UJM BU PQOÌ FO HFU UFSBQFVUJTL WJSLOJOH TPN NBOHF BG EF OVWSFOEF
GPSNVMFSJOHFS NBOHMFS ¯STBHFO UJM BU GÌ MJQPTPNGPSNVMFSJOHFS LPNNFS HFOOFN LMJOJTLF GPSTH
LBO TUBNNF GSB EFO NBOHMFOEF WJEFO PN EFU NJLSPTLPQJTLF NJMK J UVNPSWWFU PH IWPSEBO
MJQJE TBNNFOTUOJOHFO BG MJQPTPNFS FWFOUVFMU GPSBOESFT J MCFU BG CMPEDJSLVMBUJPOFO .BOHFM
QÌ EBUB EFS CFTLSJWFS JO WJWP GSJHJWFMTFO BG JOELBQTMFEF TUPêFS QÌ NPMFLZMS CBTJT IJOESFS ESVH
EFMJWFSZ GFMUFU J BU PQOÌ TJU QPUFOUJBMF * EFO GPSFMJHHFOEF BGIBOEMJOH FS FêFLUFO BG MJQPTPNBMF
PWFSìBEFNPEJëLBUJPOFS QÌ FO[ZNBLUJWJUFU CMFWFU VOEFSTHU %FSVEPWFS FS EFO NPMFLZMSF TUB
CJMJUFU BG FO MJQPTPNBM NFNCSBO TPN VETUUFT GPS FO[ZNBUJTL BLUJWFSJOH CMFWFU VOEFSTHU GPS
BU GÌ FO NFSF HSVOEMHHFOEF JOETJHU J BLUJW GSJHJWFMTF
0WFSìBEFO BG EF ìFTUF OZF MJQPTPNBMF ESVH EFMJWFSZ TZTUFNFS TPN SBQQPSUFSFT J MJUUFSBUVSFO
FS NPEJëDFSFU NFE GPSTLFMMJHF GVOLUJPOFMMF NPMFLZMFS J GPSTHFU QÌ BU PQOÌ EFO OTLFEF JOUSB
DFMMVMBS MFWFSJOH BG EFU JOELBQTMFEF TUPG #MBOEU EJTTF OESJOHFS FS NOHEFO BG QPMZFUIZMFOH
MZDPM PH PWFSìBEFMBEOJH EF NFTU BMNJOEFMJHF * LBQJUFM ǭ FS NBTTFTQFLUSPNFUSJ BOWFOEU UJM BU GÌ
PQMZTOJOHFS PN IWPSMFEFT EJTTF PWFSìBEFOESJOHFS QÌWJSLFS FO[ZNBLUJWJUFUFO BG NBUSJY NFU
BMMPQSPUFJOBTF Ǭ FO ZEFSTU PQSFHVMFSFU FOEPQSPUFBTF J DBODFSWW BG FU NFNCSBOGPSBOLSFU TVC
TUSBU &OEWJEFSF CMFW UJMTUFEFWSFMTFO BG CPWJOU TFSVN BMCVNJO J FO[ZNTUVEJFSOF VOEFSTHU GPS
BU TJNVMFSF MJQPTPNFST QSPUFJO BETPSQUJPO PH PQTPOJTBUJPO VOEFS CMPEDJSLVMBUJPOFO %FO PQ
OÌFEF GPSTUÌFMTF GPS IWPSEBO GSJHJWFMTFTNFLBOJTNFO QÌWJSLFT BG PWFSìBEFNPEJëLBUJPOFS HJWFS
NVMJHIFE GPS BU PQUJNFSF GSJHJWFMTFO BG JOELBQTMFEF TUPêFS
* EFU ɦFSEF LBQJUFM FS USF TZOUFUJTFSFEF MJQJEQFQUJEQPMZFUIZMFOHMZDPM LPOKVHBUFS CMFWFU
LBSBLUFSJTFSFU PH EFSFT BOWFOEFMTF UJM BU NFEJFSF GSJHJWFMTF FS CMFWFU VOEFSTHU ,BSBLUFSJTFSJOHFO
WJTUF BU EF TZOUFUJTFSFEF GPSCJOEFMTFSOF IBWEF JOUFSFTTBOUF FHFOTLBCFS TÌTPN TQPOUBO EBOOFMTF
BG SFHJEF TUBWMJHOFOEF NJDFMMFS J WBOE %F USF TUPêFS CMFW JOLPSQPSFSFU J GPSTLFMMJHF MJQPTPNBMF
GPSNVMFSJOHFS PH TUBCJMJUFUFO BG NFNCSBOFSOF FGUFS FO[ZNBLUJWFSJOH CMFW VOEFSTHU %JTTF SF
TVMUBUFS HBW ZEFSMJHFSF JOETJHU J IWPSEBO FO[ZNBLUJWFSFU GSJHJWFMTF QÌWJSLFT BG NFNCSBOFOT MJQJE
TBNNFOTUOJOH
4MVUUFMJH CMFW JOELBQTMJOH BG DJTQMBUJO J GPSTLFMMJHF MJQPTPNBM GPSNVMFSJOHFS PH EFO FGUFSGM
HFOEF FO[ZNBLUJWFSFEF GSJHJWFMTF VOEFSTHU 3FTVMUBUFSOF JOEJLFSFEF BU ZEFSMJHFSF GPSCFESJOHFS
FS OEWFOEJHF GPS BU PQOÌ EFO OTLFEF GSJHJWFMTFTQSPëM %FUUF JMMVTUSFSFS CFIPWFU GPS BU GPSTUÌ
GSJHJWFMTFTNFLBOJTNFO QÌ NPMFLZMSU OJWFBV GPS BU LVOOF PQOÌ EF OTLFEF SFTVMUBUFS
4BNMFU TFU IBS EFUUF BSCFKEF UBHFU FU TLSJEU WL GSB EFO HOHTF GPSTLOJOH JOEFOGPS ESVH
EFMJWFSZ PH VOEFSTHU BTQFLUFS BG EF NFSF HSVOEMHHFOEF QSPDFTTFS IWJMLFU FS OEWFOEJHU GPS
BU EFTJHOF OZF MJQPTPNBM ESVH EFMJWFSZ TZTUFNFS
JY

"DLOPXMFEHNFOUT
* XPVME MJLF UP UIBOL NZ TVQFSWJTPST ɨPNBT - "OESFTFO BOE 4JNPO 4 +FOTFO GPS HJWJOH
NF UIF PQQPSUVOJUZ UP EP BO JOEVTUSJBM 1I% JO DMPTF DPMMBCPSBUJPO XJUI UIF QFPQMF BU %56
/BOPUFDI BOE #JPOFFS "4 'VSUIFSNPSF * XPVME MJLF UP UIBOL BMM UIF DPMMFBHVFT BU UIFTF UXP
QMBDFT GPS UIFJS IFMQ BOE FYQFSUJTF GPS UIF MBTU UISFF ZFBST
0G BMM NZ DPMMFBHVFT B TQFDJBM UIBOL HPFT UP -JTF BOE 3BTNVT GPS CFJOH UIF CFTU PïDF NBUFT
POF DPVME XJTI GPS 'PS BMM UIF GFFECBDL CSBJOTUPSNJOH TVQQPSU BOE IFMQ JO UIF MBC
* XPVME MJLF UP UIBOL .BSUJO BOE ,SJTUJBO BU 3JT GPS UIFJS GSJFOETIJQ HVJEBODF BOE HPPE
TQJSJU XIJDI IFMQFE NF UISPVHI UIF USPVCMFE UJNFT
" UIBOL UP NZ GSJFOET BOE GBNJMZ GPS UIFJS TVQQPSU BOE FOEMFTT QBUJFODF GPS UIF MBTU UISFF
ZFBST * LOPX ZPV IBWF MPPLFE GPSXBSE UP NF IBOEJOH JO UIJT UIFTJT BOE * MPPL GPSXBSE UP CF
BCMF UP TQFOE NPSF UJNF XJUI ZPV
.Z HSBUJUVEF HPFT UP 9JDP GPS IJT IFMQ XJUI -B5F9
" WFSZ TQFDJBM UIBOLT HPFT UP +POBT )FOSJLTFOɨBOL ZPV GPS UIF GFFECBDL UIF IFMQ XJUI UIF
EBUB BOBMZTJT UIF TVQFSWJTJOH GPS CFJOH UIFSF PO EBJMZ CBTJT * DPVME OPU IBWF EPOF UIJT XJUIPVU
ZPVS IFMQ
"OE ɨPNBT NZ EFBS GSJFOE BOE DPMMFBHVF :PV IBWF CFFO CFTJEF NF GPS BMNPTU ǫǬ ZFBST
OPX 4UVEZJOH XPSLJOH BOE CFJOH B USVF GSJFOE OP NBUUFS XIBU * DPOTJEFS NZTFMG MVDLZ UP
LOPX ZPV BOE QSJWJMFHF UP DBMM NZTFMG ZPVS GSJFOE * MPPL GPSXBSE UP TFF XIBU UIF GVUVSF CSJOHT
VT
'JOBMMZ J XPVME MJLF UP UIBOLNZ EFBSFTU HJSMGSJFOE 3JUBɨBOL ZPV GPS CFJOH CZ NZ TJEF ZPVS
OFWFS FOEJOH QBUJFODF BOE TVQQPSU ɨBOL ZPV GPS CFJOH JO NZ MJGF BOE NBLJOH JU TP TQFDJBM
BOE XPOEFSGVM
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∞ 1SPUFBTF )ZESPMZTJT BU UIF *OUFSGBDF PG 'VODUJPOBMJ[FE -JQPTPNF 4VS
GBDFT
"OEFSTFO 4 )FOSJLTFO +3 +PIBOTFO 15 +FOTFO 44 "OESFTFO 5- /BOPNFEJDJOF
ǬǪǫǫ <TVCNJUUFE>
∞ $IBSBDUFSJ[BUJPO PG UIF TFMGPSHBOJ[JOH QSPQFSUJFT PG B OPWFM DMBTT PG
NFUBMMPQSPUFBTF TFOTJUJWF MJQPQFQUJEFT  UPXBSET UIF EFWFMPQNFOU PG FO
[ZNF TFOTJUJWF ESVH EFMJWFSZ TZTUFNT
"OEFSTFO 4 )FOSJLTFO +3 +FOTFO 44 "OESFTFO 5- #JPDIJN #JPQIZT  #JPNFN
CSBOFT "DUB ǬǪǫǫ <NBOVTDSJQU JO QSFQBSBUJPO>
∞ &OHJOFFSJOH -JQPTPNFT BOE OBOPQBSUJDMFT GPS CJPMPHJDBM UBSHFUJOH
+MDL 3 'FMECPSH - "OEFSTFO 4 .PHIJNJ 4 "OESFTFO 5- *O "EWBODFT JO #JP
DIFNJDBM &OHFOFFSJOH BOE #JPUFDIOPMPHZ ǬǪǫǫ 4QSJOHFS #FSMJO)FJEFMCFSH
YJJJ
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 	BNNPOJVN TBMU

%05"1 ǫ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%09 %PYVSVCJDJO
%11$ ǫǬEJQBMNJUPZMTOHMZDFSPǭQIPTQIPDIPMJOF
%11&/#% ǫǬEJQBMNJUPZMTOHMZDFSPǭQIPTQIPFUIBOPMBNJOF/ 	ǱOJUSPǬǫ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 	BNNPOJVN TBMU
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%41$ ǫ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*$1.4 *OEVDUJWFMZ DPVQMFE QMBTNB NBTT TQFDUSPNFUSZ
*5$ *TPUIFSNBM UJUSBUJPO DBMPSJNFUSZ
-" -BVSJD BDJE
-67 -BSHF VOJMBNFMMBS WFTJDMFT
." .ZSJTUJD BDJE
."-%*50' .BUSJYBTTJTUFE MBTFS EFTPSQUJPOJPOJ[BUJPO UJNF PG ìJHIU NBTT TQFDUSPN
FUSZ
.-7 .VMUJ MBNFMMBS WFTJDMFT
..1Ǭ .BUSJY NFUBMMPQSPUFJOBTFǬ
..1ǳ .BUSJY NFUBMMPQSPUFJOBTFǳ
0" 0MFJD BDJE
0D" 0DUBOPJD BDJE
1" 1BMNJUJD BDJE
1* 1SPQJEJVN JPEJEF
1-"2 1IPTQIPSMJQBTF "Ǭ
YW
101( ǫQBMNJUPZMǬPMFPZMTOHMZDFSPǭQIPTQIP	ǫhSBDHMZDFSPM
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1SP..1Ǭ 1SPFO[ZNF NFUBMMPQSPUFJOBTFǬ
1U 1MBUJOVN
31)1-$ 3FWFSTFEQIBTF IJHIQFSGPSNBODF MJRVJE DISPNBUPHSBQIZ
4" 4UFBSJD BDJE
T1-"Ǭ 4FDSFUPSZ QIPTQIPMJQBTF "Ǭ
5'" 5SJìVPSPBDFUJD BDJE
5*4 5SJJTPQSPQZM TJMBOF
5SJT Ǭ"NJOPǬ	IZESPYZNFUIZM
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ǭQSPQBOFEJPM
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Chapter1
*OUSPEVDUJPO
$ÿOWFOUJPOBM DIFNPUIFSBQZ IBT JO UIF MBUFS EFDBEFT CFHVO UP DIBOHF GSPN USBEJUJPOBM BENJOJTUSBUJPO PG BOUJ DBODFS BHFOUT JOUP VTBHF PG UIF OFX NFUIPEPMPHJFT PG ESVH EFMJWFSZ
ɨJT OFX TUSBUFHZ BJNT NBJOMZ BU DJSDVNWFOUJOH UIF JOBEFRVBUF BNPVOU PG ESVH BDDVNVMBUFE
BU UIF UVNPVS TJUF BOE SFEVDJOH UIF IBSNGVM TJEF FêFDUT *O UIF ESVH EFMJWFSZ SFTFBSDI ëFME
DBSSJFS TZTUFNT UP TFMFDUJWFMZ UBSHFU UVNPVST XIJMF TQBSJOH IFBMUIZ UJTTVF IBWF CFFO JOUFOTJWFMZ
JOWFTUJHBUFE 4QFDJëDBMMZ MJQPTPNFT IBWF GPVOE QSBDUJDBM BQQMJDBUJPO BT ESVH EFMJWFSZ TZTUFNT
GPS USFBUNFOU PG DBODFS EVF UP UIFJS CJPDPNQBUJCJMJUZ BOE UIFJS BCJMJUZ UP GVODUJPO BT OBOPDBS
SJFST <ǫ Ǭ> *OEFFE FODBQTVMBUJPO PG ESVHT JO MJQPTPNBM ESVH EFMJWFSZ TZTUFNT QSPWJEF TFWFSBM
BEWBOUBHFT DPNQBSFE UP BENJOJTUSBUJPO PG GSFF ESVH XIFSF QSPMPOHFE CMPPE DJSDVMBUJPO MPX
FSJOH PG EFMFUFSJPVT TJEF FêFDUT BOE FOIBODFE ESVH BDDVNVMBUJPO JO UIF EJTFBTFE UJTTVF BSF UIF
NPTU JNQPSUBOU <ǭǯ> *OUFOTJWF TUVEJFT JO UIF MBTU EFDBEFT IBWF HFOFSBUFE TPMVUJPOT UP UIF
NPTU DSJUJDBM DIBMMFOHFT JO FêFDUJWFMZ EFTJHOJOH MJQPTPNBM ESVH EFMJWFSZ TZTUFNT PQUJNJTFE GPS
USFBUNFOU PG TPMJE UVNPVST
ɨF ëSTU NBKPS DIBMMFOHF GBDFE XIFO BUUFNQUJOH UP VTF MJQPTPNFT BT ESVH EFMJWFSZ TZTUFNT
XBT UIF GBTU DMFBSBODF CZ UIF SFUJDVMPFOEPUIFMJBM TZTUFN 	3&4
 BGUFS JOUSBWFOPVT BENJOJTUSB
UJPO ɨF GBTU DMFBSBODF XBT GPVOE UP DPSSFMBUF UP UIF QBSUJDMF TJ[F BOE TVSGBDF DIBSHF PG UIF
MJQPTPNFT <ǰ> "GUFS TFWFSBM ZFBST PG SFTFBSDI B TPMVUJPO UP TJHOJëDBOUMZ JODSFBTF UIF CJPTUBCJM
JUZ BOE MPOH UJNF DJSDVMBUJPO PG MJQPTPNFT XBT GPVOE #Z DPBUJOH MJQPTPNFT XJUI B QSPUFDUJWF
MBZFS PG QPMZFUIZMFOF HMZDPM 	1&(
 B QSPMPOHFE DJSDVMBUJPO UJNF XBT BDIJFWFE <Ǳǳ> EVF UP B
TVCTUBOUJBM SFEVDUJPO JO QSPUFJO BETPSQUJPO BOE PQTPOJTBUJPO PG UIF MJQPTPNFT <ǫǪ>
"GUFS TVDDFTTGVMMZ JODSFBTJOH UIF IBMGMJGF PG MJQPTPNFT NFUIPET GPS PCUBJOJOH TFMFDUJWF BDDV
NVMBUJPO PG UIF MJQPTPNFT JO UIF UBSHFUFE UJTTVF XFSF OFFEFE ɨF DPBUJOH PG MJQPTPNFT XJUI
1&( QSPWJEFE B TPMVUJPO 8JUI UIF IBMGMJGF PG UIF MJQPTPNFT JODSFBTFE B MPOHFS DJSDVMBUJPO
UJNF XBT BUUBJOFE SFTVMUJOH JO B QBTTJWF BDDVNVMBUJPO PG UIF MJQPTPNFT JO UVNPVS UJTTVF ɨJT
QBTTJWF BDDVNVMBUJPO XBT BDIJFWBCMF EVF UP UIF MFBLZ WBTDVMBUVSF PG UVNPVS UJTTVF XIJDI BSJTFT
GSPN UIF GPSNBUJPO PG OFX CMPPE WFTTFMT 	BOHJPHFOFTJT
 B DIBSBDUFSJTUJD PG UVNPVS HSPXUI BOE
NFUBTUBTJT <ǫǫ ǫǬ> *O GBDU JO DPOUSBTU UP UIF UJHIU FOEPUIFMJBM KVODUJPO CFUXFFO DFMMT JO IFBMUIZ
UJTTVF UIF HBQT CFUXFFO UIF FOEPUIFMJBM DFMMT SBOHF GSPN ǫǪǪǱǲǪ ON <ǫǭǫǯ> EFQFOEJOH PO
UIF UVNPVS UZQF %FTQJUF UIF SFMBUJWFMZ CJH DFMM HBQ TJ[F BOE MFBLZ WBTDVMBUVSF UIF BDDVNVMBUJPO
JO UIF UVNPVS UJTTVF JT POMZ USVMZ FêFDUJWF CFDBVTF PG UIF MBDL PG FêFDUJWF MZNQIBUJD ESBJOBHF
ǫ
ǫ *þĄĂÿôąóĄùÿþ
<ǫǰ> ɨFTF GFBUVSFT BSF SFGFSSFE UP BT UIF FOIBODFE QFSNFBUJPO BOE SFUFOUJPO 	&13
 FêFDU BOE
BSF SFTQPOTJCMF GPS UIF QSFMJNJOBSZ UVNPVS BDDVNVMBUJPO PG MJQPTPNFT )PXFWFS DPOTJEFSBCMF
MJQPTPNF BDDVNVMBUJPO JO UIF MJWFS BOE TQMFFO BSF TUJMM CFJOH PCTFSWFE BT SFTVMU PG UIF MFTT UJHIU
FOEPUIFMJVN PG UIFTF UJTTVFT <ǫǰ>
)JHI BDDVNVMBUJPO PG UIF MJQPTPNBM ESVH EFMJWFSZ TZTUFNT JO UIF UVNPVS UJTTVF EPFT OPU
OFDFTTBSJMZ SFTVMU JO IJHI CJPBWBJMBCJMJUZ PG UIF DBSSJFE ESVH 0ODF MJQPTPNFT BSF BDDVNVMBUFE
JO UIF UVNPVS JOUFSTUJUJVN FêFDUJWF SFMFBTF BOE EFMJWFSZ PG UIF FODBQTVMBUFE ESVH UP UIF DZ
UPTPM PS OVDMFVT PG UIF UBSHFU DFMM BSF OFDFTTBSZ GPS BDIJFWJOH B IJHIFS FïDBDZ PG UIF ESVH *U
JT LOPXO UIBU OBOPQBSUJDMFT IBWF EJêFSFOU FOEPDZUJD VQUBLF QBUIXBZT <ǫǱ> XIJDI JOìVFODFT
UIF TVCTFRVFOU JOUSBDFMMVMBS USBïDLJOH -JQPTPNFT BOE PUIFS OBOPQBSUJDMFT NBZ CF EFUBJOFE JO
FOEPTPNBM WFTJDMFT VOUJM EFHSBEBUJPO JO UIF MZTPTPNFT PS FYUFSOBMJTBUJPO DBO PDDVS <ǫǲ> ɨFSF
GPSF B SBUJPOBM EFTJHO PG OPWFM ESVH EFMJWFSZ TZTUFNT JT SFRVJSFE UP UBLF UIF VQUBLF QBUIXBZT
BOE JOUSBDFMMVMBS USBïDLJOH JOUP BDDPVOU
4P GBS POMZ GFX MJQPTPNBM GPSNVMBUJPOT IBWF CFFO DMJOJDBMMZ BQQSPWFE PG XIJDI UIF CFTU
LOPXO FYBNQMF JT %PYJM 3© ɨF FêFDUJWFOFTT PG %PYJM 3© JT CFMJFWFE UP SFMZ PO UIF DIFNJDBM
QSPQFSUJFT PG EPYPSVCJDJO 	%09
 BOE UIF NFUIPE VTFE GPS BDUJWF MPBEJOH PG %09 ɨF IJHI
MPBEJOH JT BDIJFWFE VTJOH UIF BNNPOJVN TVMQIBUF NFUIPE SFTVMUJOH JO DSZTUBMJTFE %09 JOTJEF
UIF MJQPTPNFT <ǫǳ> XIJMF UIF SFMFBTF PG %09 JT CFMJFWFE UP EFSJWF GSPN B EJTSVQUJPO PG UIF
HSBEJFOU SFUBJOJOH UIF ESVH <ǬǪ> 'VSUIFSNPSF %09 JT WFSZ TUBCMF JO BDJEJD FOWJSPONFOUT <Ǭǫ>
BOE BT TVDI IBT B MPOHFS IBMGMJGF JO FOEPTPNFT BOE MZTPTPNFT UIBO NPTU PUIFS BOUJDBODFS
BHFOUT ɨFTF GFBUVSFT PG %PYJM 3© QSPWF UIBU B TJNQMF EFTJHO DBO CF WFSZ TVDDFTTGVM )PXFWFS
UIF MPBEJOH NFUIPE BOE SFMFBTF TUSBUFHZ BSF OPU BQQMJDBCMF UP BMM UZQFT PG BOUJDBODFS ESVHT
BOE UIFSFGPSF NPSF HFOFSBM SFMFBTF NFDIBOJTNT BSF EFTJSFE "T BO FYBNQMF QBTTJWFMZ MPBEFE
DJTQMBUJO JO UIF TBNF GPSNVMBUJPO VTFE GPS %PYJM 3© IBT CFFO SFQPSUFE UP IBWF MPX BOUJUVNPVS
BDUJWJUZ FWFO UIPVHI EPDVNFOUBUJPO PG IJHI UVNPVS BDDVNVMBUJPO IBT CFFO QSFTFOUFE <ǬǬ>
*O PSEFS UP EFWFMPQ MJQPTPNBM GPSNVMBUJPOT XIFSF IJHI BDDVNVMBUJPO PG UIF DBSSJFS TZTUFN
MFBET UP IJHI CJPBWBJMBCJMJUZ PG UIF ESVH FYUFOTJWF SFTFBSDI JO BDUJWF UBSHFUJOH BOE SFMFBTF TUSBUF
HJFT IBT CFFO DPOEVDUFE 	TFF DIBQUFS Ǭ
 "DUJWF UBSHFUJOH SFMJFT PO NPMFDVMBS SFDPHOJUJPO BU
UBDIJOH MJHBOET PS BOUJCPEJFT UIBU CJOET B TQFDJëD BOUJHFOJD UBSHFU PS SFDFQUPS VQSFHVMBUFE JO
UIF UVNPVS UJTTVF 'VSUIFSNPSF EFQFOEJOH PO UIF BDUJWF UBSHFUJOH MJHBOE TQFDJëD JOUFSBDUJPOT
CFUXFFO UIF ESVH EFMJWFSZ TZTUFN BOE UIF UVNPVS DFMM NBZ PDDVS SFTVMUJOH JO FOEPDZUPTJT BT
SFQPSUFE GPS MJQPTPNFT XJUI GPMBUF CPVOE QFQUJEF <Ǭǭ> "DUJWF SFMFBTF DBO CF EFTDSJCFE BT BO
FYUFSOBM USJHHFSJOH PG UIF ESVH EFMJWFSZ TZTUFN XIJDI SFTVMUT JO UIF SFMFBTF PG UIF DBSSJFE ESVH
PS JOJUJBUF VQUBLF PG UIF ESVH EFMJWFSZ TZTUFN JO UIF UBSHFU DFMM VMUJNBUFMZ MFBEJOH UP UIF EFMJWFSZ
PG UIF ESVH $PNCJOJOH BDUJWF UBSHFUJOH XJUI TJUF TQFDJëD BDUJWF SFMFBTF JT WJUBM XIFO EFTJHOJOH
OPWFM ESVH EFMJWFSZ TZTUFNT BOE SFTFBSDIFST BSF NBLJOH DPOTJEFSBCMF QSPHSFTT
*O UIF PG ESVH EFMJWFSZ ëFME OVNFSPVT WBSJBUJPOT PG BDUJWF UBSHFUJOH BOE SFMFBTF IBWF CFFO
EFWFMPQFE BOE TFWFSBM XJMM CF QSFTFOUFE JO UIF GPMMPXJOH DIBQUFS FTQFDJBMMZ UIF VTF PG FO[ZNF
USJHHFSJOH SFMFBTF XIJDI IBT CFFO UIF GPDVT PG UIF XPSL DPOEVDUFE GPS UIJT UIFTJT "MUIPVHI GPDVT
JT TFU PO MJQPTPNBM TZTUFNT UIFTF NFUIPET BSF DPNQBUJCMF XJUI PUIFS ESVH EFMJWFSZ TZTUFNT
Ǭ
Chapter2
"DUJWF UBSHFUJOH BOE USJHHFSFE SFMFBTF
5øF TDPQF PG UIF SFTFBSDI JO ESVH EFMJWFSZ TZTUFNT JT XJEF BOE TQBOT PWFS TFWFSBM JOUFSEJTDJQMJOBSZ ëFMET 4PNF TFMFDUFE FYBNQMFT PG BDUJWF UBSHFUJOH BOE USJHHFSFE SFMFBTF BSF
QSFTFOUFE JO UIJT DIBQUFS BT UIF BNPVOU PG QVCMJTIFE MJUFSBUVSF JT UPP FYUFOTJWF UP CF GVMMZ
DPWFSFE JO UIJT UIFTJT ɨF UXP TUSBUFHJFT BDUJWF UBSHFUJOH BOE USJHHFSFE SFMFBTF BSF QSFTFOUFE
JOEJWJEVBMMZ UP CFUUFS DMBSJGZ UIF FêFDU PG UIFTF GBDUPST BOE UIFJS JOìVFODF PO UIF EFTJHO PG MJ
QPTPNBM ESVH EFMJWFSZ TZTUFNT *U JT UIF DPNCJOBUJPO PG BDUJWF UBSHFUJOH BOE USJHHFSFE SFMFBTF
UIBU JT BOUJDJQBUFE UP CSJOH UIF ESVH EFMJWFSZ ëFME FWFO GVSUIFS JO UFSNT PG DMJOJDBM TVDDFTT
ČĊ "DUJWF 5BSHFUJOH
ɨF JODPSQPSBUJPO PG 1&( UP MJQPTPNFT FOTVSFT MPOH UJNF DJSDVMBUJPO BOE UIFSFCZ FOIBODFE
BDDVNVMBUJPO EVF UP UIF &13 FêFDU ɨJT FYUSBWBTBUJPO PG TUFSJDBMMZ TUBCJMJTFE MJQPTPNFT 	44-T

JOUP UIF UVNPVS JOUFSTUJUJVN DBO CF GVSUIFS JNQSPWFE CZ BDUJWF UBSHFUJOH 4PNF LFZ JTTVFT IBWF
UP CF BEESFTTFE GPS BDUJWF UBSHFUJOH UP CF FêFDUJWF JO WJWP 'JSTUMZ UIF BEEJUJPO PG B MJHBOE NVTU
OPU EFDSFBTF UIF DJSDVMBUJPO UJNF PG UIF GPSNVMBUJPO TJODF UIJT EFDSFBTF XJMM NPTU MJLFMZ MPXFS
UIF BNPVOU PG MJQPTPNF BDDVNVMBUFE JO UVNPVS UJTTVF <ǬǮ> 4FDPOEMZ UIF BUUBDIFE MJHBOE OFFET
UP IBWF TVïDJFOU TFMFDUJWJUZ GPS UIF UBSHFU UJTTVF BOE UP CF TUSPOHMZ BODIPSFE UP BWPJE MPTT PG
UIF GVODUJPOBMJUZ EVSJOH DJSDVMBUJPO <Ǭǯ> ɨJSEMZ BDUJWF UBSHFUJOH JT SFRVJSFE UP GBDJMJUBUF UIF
EFMJWFSZ PG UIF DBSSJFE ESVH JOUP UIF UBSHFU DFMM <Ǭǰ> 'PVSUIMZ TUSPOH CJOEJOH UP UIF ëSTU MBZFS
PG UBSHFU DFMMT UIFSFCZ CMPDLJOH UIF FYUSBWBTBUJPO PG NPSF MJQPTPNFT NVTU CF BWPJEFE <ǬǱ>
ɨF DIPJDF PG UBSHFUJOH MJHBOE BOE UIF NFDIBOJTN PG DFMMVMBS VQUBLF PG UIF DBSSJFS TZTUFN
BSF EFQFOEFOU VQPO FBDI PUIFS .BOZ UBSHFUJOH NPJFUJFT JODSFBTF FOEPDZUPTJT BT SFQPSUFE GPS
GPMBUF 3(%QFQUJEF BOE BOUJCPEZDPOKVHBUFE MJQPTPNFT <ǬǲǭǪ> BOE BSF UIFSFGPSF TVJUBCMF
GPS JOUSBDFMMVMBS EFMJWFSZ 'VSUIFSNPSF UIFTF DPODFQUT BSF BêFDUFE CZ UIF UZQF PG DBSSJFE ESVH BT
EJêFSFOU ESVHT IBWF WBSJPVT SFRVJSFNFOUT UP UIF MJQPTPNBM TZTUFN 4NBMM TJ[FE ESVH NPMFDVMFT
FH DJTQMBUJO PS EPYPSVCJDJO SFRVJSF UIBU UIF MJQPTPNF NFNCSBOF JT BCMF UP SFUBJO UIF ESVH
VOUJM UIF GPSNVMBUJPO JT BDDVNVMBUFE BU UIF UBSHFU TJUF 4P GBS UIF NPTU TUBCMF GPSNVMBUJPOT BSF
CBTFE PO 4UFBMUI 3© MJQPTPNFT DPOTJTUJOH PG EJTBUVSBUFE MJQJET 	%41$ PS %11$
 XJUI B IJHI
USBOTJUJPO UFNQFSBUVSF 	5m
 DIPMFTUFSPM BOE 1&1&( )PXFWFS TVDI GPSNVMBUJPOT DPOUBJO
JOH TBUVSBUFE MJQJET BOE DIPMFTUFSPM BSF EJïDVMU UP SFOEFS VOTUBCMF PODF BDDVNVMBUFE BU UIF
ǭ
Ǭ "óĄùĆõ ĄñĂ÷õĄùþ÷ ñþô ĄĂù÷÷õĂõô Ăõüõñăõ
UVNPVS UJTTVF -BSHFS TJ[FE ESVHT BT TJ3/" PS %/" QMBTNJET IBWF EJêFSFOU SFRVJSFNFOUT
GPS MJQPTPNF GPSNVMBUJPO TJODF UIFTF DPNQPVOET EP OPU QFSNFBUF UIF NFNCSBOFT OPS MFBL
PVU EVSJOH DJSDVMBUJPO UP UIF TBNF FYUFOU BT TNBMM TJ[FE ESVHT ɨFSFGPSF NPSF QFSNFBCMF GPS
NVMBUJPOT DBO CF VTFE BT MPOH BT UIF SFRVJSFE CJPTUBCJMJUZ JT FOTVSFE 4FWFSBM OPWFM MJQPTPNBM
ESVH EFMJWFSZ TZTUFNT BSF CBTFE PO VOTBUVSBUFE NFNCSBOFT EVF UP UIFJS BCJMJUZ UP FODBQTV
MBUF CJPMPHJDBMT XIJMF NBJOUBJOJOH UIF BCJMJUZ UP CFDPNF VOTUBCMF VQPO BDUJWBUJPO BOE UIFSFCZ
SFMFBTJOH UIF DBSSJFE ESVH
"DUJWF UBSHFUJOH DBO CF EJWJEFE JOUSP UISFF DBUFHPSJFT BDDPSEJOH UP UIF DIBSBDUFSJTUJDT PG UV
NPVS UZQF "OHJPHFOFTJTBTTPDJBUFE UBSHFUJOH VODPOUSPMMFE DFMM QSPMJGFSBUJPO UBSHFUJOH BOE UV
NPVS DFMM UBSHFUJOH ɨFSF FYJTUT BO PWFSMBQ CFUXFFO UIF UVNPVS UZQFT BOE DIPJDF PG UBSHFUJOH
NPJFUZ EVF UP UIF IFUFSPHFOFJUZ PG UVNPVS CJPMPHZ BOE UIF QPTTJCJMJUZ UP UBSHFU NVMUJQMF UVNPVS
UZQFT XJUI UIF TBNF MJHBOET $PNNPO UP BMM MJHBOE BOE BOUJCPEZ TUSBUFHJFT JT UIF PWFSFYQSFTTJPO
PG UIF DPSSFTQPOEFOU SFDFQUPS PS BOUJHFO BU UIF UBSHFU TJUF 'PS FYUFOEFE SFBEJOHT PO UIF VTF
PG BDUJWF UBSHFUJOH MJQPTPNFT BOE UIF DIBMMFOHFT JO DPOOFDUJPO XJUI UIJT BEWBODFE TUSBUFHZ UIF
SFBEFS JT SFGFSSFE UP <ǫǬ Ǭǰ ǭǫǭǮ>
"OHJPHFOFTJTBTTPDJBUFE UBSHFUJOH
"OHJPHFOFTJTBTTPDJBUFE UBSHFUJOH MJHBOET BSF EFTJHOFE UP UBSHFU UIF GSJOHF PG UIF UVNPVS UJTTVF
XIFSF HSPXJOH TPMJE UVNPVST PCUBJO UIF OFDFTTBSZ CMPPE TVQQMZ 3FHVMBUJPO PG UVNPVS HSPXUI
CZ UBSHFUJOH UIF UVNPVShT CMPPE TVQQMZ BOE PCUBJOJOH DFMM EFBUI PG UIF FOEPUIFMJVN IBWF MFBE
UP FSBEJDBUJPO PG UIF UVNPVS <ǭǯ> 5ZQJDBM UBSHFUT GPS UIJT TUSBUFHZ BSF UIF WBSJPVT HSPXUI GBD
UPST αV βV JOUFHSJO SFDFQUPST NBUSJY NFUBMMPQSPUFJOBTF 	..1
 SFDFQUPST BOE WBTDVMBS DFMM
BEIFTJPO NPMFDVMFǫ 	7$".ǫ
 UIBU BSF VQSFHVMBUFE JO UVNPVS UJTTVF <ǭǮ> 0G UIFTF UBSHFUT
UIF NPTU TUVEJFE JT UIF αV βV JOUFHSJO SFDFQUPS XIFSF UIF UBSHFUJOH MJHBOE VTFE JT UIF FBTJMZ
TZOUIFTJTFE USJQFQUJEF "SH(MZ"TQ 	3(%
 <ǭǰ>
+BOTTFO FU BM <ǭǱ> TIPXFE 44-T XJUI 3(%QFQUJEF BODIPSFE UP UIF UFSNJOVT PG %41&1&(
IBE B TJYGPME IJHIFS CJOEJOH BïOJUZ GPS )67&$ DFMMT UIBO SFHVMBS 44-T 5P QSPWF UIF TFMFDUJW
JUZ PG UIF 3(% QFQUJEFT UIF BVUIPST JODVCBUFE 3(%1&(MJQPTPNFT BOE TVCTFRVFOUMZ BEEFE
GSFF 3(% QFQUJEF PS 3"% QFQUJEF 	B OPOCJOEJOH DPOUSPM QFQUJEF
 0OMZ UIF GPSNFS XBT BCMF
UP QBSUMZ EJTQMBDF UIF CPVOE 3(%MJQPTPNFT 'VSUIFSNPSF JO WJWP TUVEJFT TIPXFE BEIFTJPO PG
3(%1&(MJQPTPNFT UP UIF UVNPVS CMPPE WFTTFMT XIFSFBT 1&(MJQPTPNFT BOE 3"%1&(
MJQPTPNFT BDDVNVMBUFE GVSUIFS JOUP UIF JOUFSTUJUJVN PG UIF UVNPVS ɨF UIFSBQFVUJD FêFDU BOE
CJPEJTUSJCVUJPO PG %09 MPBEFE 44- BOE 3(%44- XBT DPNQBSFE XJUI GSFF EPYPSVCJDJO JO
UVNPVS CFBSJOH NJDF <ǭǲ> "O JNQSPWFE UIFSBQFVUJD FêFDU XBT GPVOE GPS %09 MPBEFE 3(%
44- DPNQBSFE UP 44- BOE GSFF EPYPSVCJDJO EVF UP B DPNCJOBUJPO PG UVNPVS BDDVNVMBUJPO
BOE JODSFBTFE JOUSBDFMMVMBS EFMJWFSZ NPTU MJLFMZ WJB JOUFHSJONFEJBUFE FOEPDZUPTJT 3(%44-T
TIPXFE BO JODSFBTFE VQUBLF JO UIF TQMFFO DPNQBSFE UP 44- FNQIBTJTJOH UIF OFFE GPS GVSUIFS
JNQSPWFNFOU
3PUI FU BM <ǭǳ> VTFE TUFSJDBMMZ TUBCJMJTFE JNNVOPMJQPTPNFT 	4*-T
 DPOUBJOJOH DPOKVHBUFE
'BCh GSBHNFOUT PG UIF NPOPDMPOBM SBU BOUJCPEZ %$ǫǪǫ UP TFMFDUJWFMZ UBSHFU DFMMT FYQSFTTJOH UIF
WBTDVMBS FOEPUIFMJBM HSPXUI GBDUPS SFDFQUPS Ǭ 	7&('3Ǭ
 JO JO WJUSP BOE JO WJWP ɨF TUVEJFT
TIPXFE B TFMFDUJWF CJOEJOH PG 'BChT4*- UP 7&('3Ǭ FYQSFTTJOH Ǭǳǭ5 DFMMT JO WJUSP DPNQBSFE UP
1&(ZMBUFE MJQPTPNFT ɨF JO WJWP FïDBDZ PG %09 MPBEFE 4*-T JT IPXFWFS RVFTUJPOBCMF HJWFO
Ǯ
Ǭǫ "DUJWF 5BSHFUJOH
UIF MBSHF TUBOEBSE FSSPST BOE UIF DPSSFTQPOEJOH TJHOJëDBODF PG UIF SFTVMUT PCUBJOFE XIFO
DPNQBSJOH UIF USFBUNFOU PO FTUBCMJTIFE #/- UVNPVST VTJOH %094*-T GSFF %09 BOE FNQUZ
4*-T &WFO UIPVHI UIF UVNPVS TJ[F EJE OPU TJHOJëDBOUMZ EFDSFBTF UIF BVUIPST BSHVFE UIBU UIF
OFDSPUJD BSFB JO UIF USFBUFE UVNPVST XBT IJHIFS GPS %09 MPBEFE 4*-T DPNQBSFE UP GSFF %09
BOE FNQUZ 4*-T .PSFPWFS B DPSSFMBUJPO CFUXFFO UIF UVNPVS TJ[F BOE OFDSPUJD BSFB XBT FT
UBCMJTIFE JOEJDBUJOH UIBU JNNVOPMJQPTPNFT 	*-
 BSF NPTU FêFDUJWF UPXBSET TNBMM BOE OFXMZ
GPSNFE UVNPVST
*O TQJUF PG TMJHIUMZ IJHIFS BDDVNVMBUJPO PG *-T DPNQBSFE UP OPOUBSHFUFE TUFBMUIMJLF MJQP
TPNFT UIF UIFSBQFVUJD PVUDPNF IBT CFFO TJNJMBS JO TPNF DBTFT <ǬǱ ǮǪ> "EEJUJPOBMMZ PUIFS
DIBMMFOHFT VTJOH JNNVOPMJQPTPNFT IBWF CFFO JEFOUJëFE $POKVHBUJPO PG BOUJCPEJFT EJSFDUMZ UP
UIF TVSGBDF PG DPOWFOUJPOBM MJQPTPNFT BT XFMM BT BU UIF UFSNJOVT PG 1&( JO TUFSJDBMMZ TUBCJMJTFE
MJQPTPNFT IBT CFFO DPOEVDUFEɨF MBUUFS DBTF IBT QSPWFO UP CF UIF NPTU FêFDUJWF TJODF UIF MPOH
1&( QPMZNFS NBTLT UIF BOUJCPEZ BUUBDIFE UP UIF TVSGBDF <Ǯǫ ǮǬ> *U IBT CFFO SFQPSUFE UIBU
UIF BNPVOU PG DPOKVHBUFE BOUJCPEJFT BêFDUT UIF BDDVNVMBUJPO BOE DJSDVMBUJPO UJNF UIFSFCZ
JMMVTUSBUJOH UIBU UIFSF JT B CBMBODF CFUXFFO JODSFBTFE BDDVNVMBUJPO BOE DMFBSBODF CZ UIF 3&4
GPS *-T <Ǯǭ> 'VSUIFSNPSF *-T IBWF CFFO SFQPSUFE UP JOEVDF TUSPOHFS JNNVOF SFTQPOTFT UIFO
GSFF BOUJCPEJFT <ǮǮ> 'JOBMMZ BO JOUFSFTUJOH TUVEZ CZ "EBN FU BM <Ǯǯ> TIPXFE UIBU UIF CJOEJOH
BïOJUZ PG TJOHMF TUSBOEFE BOUJCPEZ NPMFDVMFT IBT B TUSPOH JOìVFODF PO UIF UVNPVS QFOFUSBUJPO
QSPQFSUJFT PG UIF JNNVOPMJQPTPNFT TVHHFTUJOH UIBU UPP TUSPOH CJOEJOH DPVME JOIJCJU GVSUIFS
QFOFUSBUJPO PG UIF MJQPTPNFT JOUP UIF UVNPVS UJTTVF
3FDFOUMZ JO WJWP TUVEJFT PG 4*-T UBSHFUJOH WBTDVMBS DFMM BEIFTJPO NPMFDVMF ǫ 	7$".ǫ
 XFSF
SFQPSUFE VTJOH B NJDF CFBSJOH IVNBO $PMP ǰǱǱ UVNPS YFOPHSBGUT <Ǯǰ> #JPEJTUSJCVUJPO FY
QFSJNFOUT TIPXFE B TMJHIUMZ IJHIFS UVNPVS BDDVNVMBUJPO GPS UBSHFUFE 4*-T DPNQBSFE UP OPO
UBSHFUFE 4*-T ZFU UIF MPDBMJTBUJPO PG UIF MJQPTPNFT EJêFSFE 7$".ǫ UBSHFUFE 4*-T MJQPTPNFT
XFSF QSJNBSZ BDDVNVMBUFE JO UIF FOEPUIFMJBM DFMMT XIJMF OPOUBSHFUFE 4*-T XFSF BDDVNVMBUFE
JO UIF FYUSBDFMMVMBS TQBDF CZ QBTTJWF EJêVTJPO JOUP UIF UVNPVS UJTTVF *O BEEJUJPO 7$".ǫ UBS
HFUFE 4*-T EJE OPU TIPX BO JODSFBTFE VQUBLF CZ 3&4 TVHHFTUJOH UIBU GVSUIFS QSPNJTJOH SFTVMUT
NBZ CF FYQFDUFE XIFO VUJMJTJOH UIJT UBSHFUJOH TUSBUFHZ
)BSBTIJNB BOE DPXPSLFST <ǭǪ> JOWFTUJHBUFE UIF UBSHFUJOH FêFDU PG %09 MPBEFE BOUJ
NFNCSBOF UZQFǫ ..1 	BOUJ.5ǫ..1
 BOUJCPEZNPEJëFE 1&( MJQPTPNFT 4JNJMBS UP
QSFWJPVT TUVEJFT BO JODSFBTFE VQUBLF PG UIF UBSHFUFE DPNQBSFE UP OPOUBSHFUFE MJQPTPNFT BT
XFMM BT B EFDSFBTF JO UVNPVS TJ[F XFSF PCTFSWFE GPS UIF UVNPVSCFBSJOH NJDF SFTVMUJOH JO B
IJHIFS TVSWJWBM SBUF PG VQ UP ëWF XFFLT BGUFS USFBUNFOU ɨF CJPEJTUSJCVUJPO PG UBSHFUFE 4*-T
BOE OPOUBSHFUJOH 44-T XBT DPNQBSBCMF TVHHFTUJOH UIBU UIF JODSFBTFE BOUJUVNPVS FêFDU NBZ
CF FYQMBJOFE CZ JODSFBTFE JOUFSOBMJTBUJPO
6ODPOUSPMMFE DFMM QSPMJGFSBUJPO UBSHFUJOH
)VNBO FOEPUIFMJBM SFDFQUPST 	)&3
 USBOTGFSSJO BOE GPMBUF SFDFQUPST BSF BNPOH UIF NPTU DPN
NPOMZ VTFE UBSHFUT PG DFMM QSPMJGFSBUJPONBSLFST BMM PG XIJDI BSF IJHIMZ VQSFHVMBUFE JO B XJEF TF
MFDUJPO PG UVNPVSUZQFT <ǮǱ> 5BSHFUJOH UIF IVNBO FOEPUIFMJBM SFDFQUPSǬ 	)&3Ǭ
 IBT TIPXO
QSPNJTJOH SFTVMUT BT SFQPSUFE CZ ,JSQPUJO FU BM <Ǯǲ> $PNQBSJTPO PG 44-T BOE 4*-T DPVQMFE XJUI
BOUJ)&3Ǭ NPOPDMPOBM BOUJCPEZ 	."C
 GSBHNFOUT EJE OPU TIPX EJêFSFODFT JO UIF CJPEJTUSJ
CVUJPO PS DJSDVMBUJPO UJNF PG UIF MJQPTPNFT BGUFS BENJOJTUSBUJPO *O BEEJUJPO OP TJHOJëDBOU
ǯ
Ǭ "óĄùĆõ ĄñĂ÷õĄùþ÷ ñþô ĄĂù÷÷õĂõô Ăõüõñăõ
EJêFSFODF JO UVNPVS BDDVNVMBUJPO PG 4*-T BOE 44-T XBT PCTFSWFE ɨF TUVEJFT IPXFWFS SF
WFBMFE UIBU UIF BOUJ)&3Ǭ MJQPTPNFT XFSF MPDBUFE JOTJEF UIF DBODFST DFMMT XIFSFBT 4-- XBT
QSFEPNJOBOU JO UIF FYUSBDFMMVMBS TUSPNB PS NBDSPQIBHFT *U XBT UIFSFGPSF DPODMVEFE UIBU UIF
BOUJ)&3Ǭ JNNVOPMJQPTPNFT PQQPTFE UP UIF OPOUBSHFUFE MJQPTPNFT XFSF JOUFSOBMJTFE CZ
."CNFEJBUFE FOEPDZUPTJT DBVTJOH JODSFBTFE BOUJUVNPVS BDUJWJUZ <Ǯǳ>
*O PUIFS TUVEJFT DPOEVDUFE CZ *TIJEB FU BM <ǯǪ> USBOTGFSSJO DPOKVHBUFE 1&( MJQPTPNFT
TIPXFE BO JODSFBTFE DFMM VQUBLF JO UIF $PMPO Ǭǰ UVNPVSCFBSJOH NJDF /P TVQFSJPS BDDVNV
MBUJPO JO UIF UVNPVS UJTTVF XBT PCTFSWFE DPNQBSFE UP 4-- CVU BO JODSFBTF JO DFMM VQUBLF BGUFS
BDDVNVMBUJPO EVF UP SFDFQUPS NFEJBUFE FOEPDZUPTJT XBT DPOëSNFE CZ FMFDUSPO NJDSPTDPQJD
TUVEJFT
5VNPVS DFMM UBSHFUJOH
5BSHFUJOH UVNPVS DFMMT SFRVJSFT JO TPNF DBTFT TQFDJëD BQQSPBDIFT UIPVHI NPTU UVNPVST BSF
UBSHFUBCMF CZ MJHBOET EFWFMPQFE GPS BOHJPHFOFTJTBTTPDJBUFE BOE VODPOUSPMMFE DFMM QSPMJGFSBUJPO
UBSHFUJOHɨF DIPJDF PG UBSHFUJOHNPJFUZ EFQFOET PO UIF DBODFS UZQF "NPOH UIFNPTU DPNNPO
DBODFS UZQFT BSF CSFBTU DPMPSFDUBM MVOH BOE QSPTUBUF DBODFS )PNJOH EFWJDFT GPS TPMJE UVNPVS
UBSHFUJOH DPOTJTU PG B CSPBE SBOHF PG MJHBOET JODMVEJOH BOUJCPEJFT BOE GPMJD BDJE
-PQF[ EF .FOF[FT FU BM <ǯǫ> TIPXFE JO WJUSP B ǭGPME JODSFBTF JO CJOEJOH BïOJUZ PG %09
MPBEFE 44-T DPVQMFE UP NPOPDMPOBM "C BOUJ$%ǫǳ UP IVNBO $%ǫǳ+ # MZNQIPNB DFMMT
DPNQBSFE UP OPOUBSHFUFE MJQPTPNFT 'VSUIFSNPSF VTJOH ìPX DZUPNFUSZ UIF BVUIPST SFQPSUFE
TFMFDUJWJUZ GPS # DFMMT JO B NJYFE DVMUVSF PG 5 BOE # DFMMT .PSFPWFS UIF BVUIPST GPVOE B IJHIFS
DZUPUPYJDJUZ PG UIF UBSHFUFE JNNVOPMJQPNFT UPXBSET # DFMMT DPNQBSFE UP OPOUBSHFUFE MJQP
TPNFT ɨFSBQFVUJD FYQFSJNFOUT JO NJDF EFNPOTUSBUFE UIBU USFBUNFOU XJUI BOUJCPEZ UBSHFUJOH
44-T XFSF NPSF FêFDUJWF UIBO SFHVMBS 4UFBMUI 3© MJQPTPNFT BOE GSFF EPYPSVCJDJO 'PMBUF SFDFQ
UPST 	'3
 BSF MPDBUFE JO NPTU UJTTVFT CVU FTQFDJBMMZ JO UVNPVS UJTTVF XIFSF UIFZ BSF IJHIMZ
VQSFHVMBUFE NBLJOH MJQPTPNFT DPOKVHBUFE XJUI GPMJD BDJE BO FYDFMMFOU UBSHFUJOH TUSBUFHZ <ǯǬ>
1BO FU BM <ǯǭ> EFNPOTUSBUFE UIF TUBCJMJUZ BOE MPOHUJNF DJSDVMBUJPO PG GPMBUFDPOKVHBUFE MJQP
TPNFT DPOUBJOJOH EPYPSVCJDJO XBT DPNQBSBCMF XJUI OPSNBM 44-T XJUI FOUSBQQFE EPYPSVCJDJO
/VEF NJDF XJUI ,# UVNPVS YFOPHSBGUT TIPXFE B SFEVDUJPO JO UVNPVS HSPXUI BGUFS JOKFD
UJPOT PG GPMBUFDPOKVHBUFE MJQPTPNFT DPOUBJOJOH EPYPSVCJDJO DPNQBSFE UP %09 MPBEFE 44-T
BOE GSFF %09 ɨF EFDSFBTF JO UVNPVS HSPXUI SFTVMUFE JO B ǭǫǝ JODSFBTF JO MJGFTQBO GPS NJDF
USFBUFE XJUI %09 MPBEFE GPMBUF DPOKVHBUFE MJQPTPNFT DPNQBSFE UP %09 MPBEFE 44-T
ČČ -JQPTPNBM USJHHFSFE SFMFBTF
'PS MJQPTPNBMUSJHHFSFE SFMFBTF UP FOIBODF UIF EFMJWFSZ PG UIF DBSSJFE ESVH UIF SFMFBTF IBT UP
CF TJUFTQFDJëD IFODF QSJNBSJMZ PDDVS JO UIF EJTFBTFE UJTTVF 'VSUIFSNPSF EFTJHO PG UIF USJHHFS
NFDIBOJTN IBT UP UBLF UIF MPDBMJTBUJPO 	JOUSBDFMMVMBS PS FYUSBDFMMVMBS
 PG UIF BDDVNVMBUFE DBSSJFS
JOUP BDDPVOU 5P SFMFBTF UIF DPOUFOU MJQPTPNFT OFFE UP CF SFOEFSFE VOTUBCMF PS IJHIMZ QFSNF
BCMF UP UIF DBSSJFE ESVH XIFO BDUJWBUFE XIJDI DPOìJDUT XJUI UIF EFTJSF UP NBLF UIF MJQPTPNFT
BT TUBCMF BT QPTTJCMF EVSJOH MPOH UJNF DJSDVMBUJPO %FQFOEJOH PO UIF TUBCJMJUZ BOE DPODFOUSBUJPO
PG UIF FODBQTVMBUFE ESVH JO UIF MJQPTPNF FJUIFS UIF FYUSBDFMMVMBS PS JOUFSOBMJTBUJPO SPVUF NBZ
CF UIF NPTU XPSUIXIJMF UP QVSTVF )PXFWFS POMZ B GFX TNBMMTJ[FE ESVHT BSF BCMF UP TVSWJWF UIF
ǰ
ǬǬ -JQPTPNBM USJHHFSFE SFMFBTF
IBSTI BDJEJD DPOEJUJPOT GPVOE JO UIF FOEPTPNFT BOE MZTPTPNFT 'PS UIFTF ESVHT BOE CJPMPHJDBMT
TVDI BT TJ3/" BOE %/" QMBTNJE PUIFS SPVUFT PG EFMJWFSZ BSF QSFGFSSFE %FMJWFSZ EJSFDUMZ UP
UIF UBSHFU DFMM WJB GVTJPO CFUXFFO UIF DBSSJFS MJQPTPNF BOE UIF DFMM NFNCSBOF PS FYUSBDFMMVMBS
SFMFBTF GPMMPXFE CZ QBTTJWF PS BDUJWF USBOTQPSU BDSPTT UIF DFMM NFNCSBOF BSF UXP QPTTJCMF SPVUFT
'JOBMMZ JOUFSOBMJTBUJPO GPMMPXFE CZ FOEPTPNBM FTDBQF JT BMTP BO PQUJPO GPS DZUPTPMJD EFMJWFSZ
*G QBTTJWF BDDVNVMBUJPO PG UIF MJQPTPNBM ESVH EFMJWFSZ TZTUFN JT VUJMJTFE UIF USJHHFSFE SFMFBTF
TIPVME EJTSVQU UIF CJMBZFS PG UIF MJQPTPNFT JOEVDF FêFDUJWF MFBLBHF PS FOBCMF GVTJPO XJUI UIF
UBSHFU DFMM NFNCSBOF "DUJWF UBSHFUJOH PGUFO SFTVMUT JO JOUFSOBMJTBUJPO PG UIF MJQPTPNFT CZ SF
DFQUPS NFEJBUFE FOEPDZUPTJT *OUFSOBMJTBUJPO PG UIF DBSSJFS XJMM DBQUVSF UIF MJQPTPNFT JOTJEF
FOEPTPNBM WFTJDMFT SFRVJSJOH UIF ESVH UP ëSTU FTDBQF UIF MJQPTPNFT BOE UIFO UIF FOEPTPNFT
UP BWPJE MZTPTPNBM EFHSBEBUJPO <ǯǮ>
4P GBS POMZ B MJNJUFE OVNCFS PG JO WJWP TUVEJFT IBWF TIPXO UIBU TZTUFNJD BENJOJTUSBUJPO PG
MJQPTPNFT DPOUBJOJOH TJUFTQFDJëD SFMFBTF NFDIBOJTNT BSF BCMF UP JODSFBTF UIF FïDBDZ PG UIF
FODBQTVMBUFE ESVH EVF UP FOIBODFE EFMJWFSZ DPNQBSFE UP 44-T 'VSUIFSNPSF JU IBT CFDPNF
FWJEFOU UIBU JU JT B DIBMMFOHJOH UBTL UP QSPHSFTT GSPN QSPWJOH UIF QSJODJQMF PG BDUJWF SFMFBTF JO
WJUSP UP QSPWJOH BO JODSFBTFE UIFSBQFVUJD FêFDU JO WJWP BT B SFTVMU PG UIF USJHHFS NFDIBOJTN
"DJE USJHHFSFE SFMFBTF
5P VTF B Q) DIBOHF XBT BNPOH UIF ëSTU TVHHFTUFE BDUJWF USJHHFS NFDIBOJTNT GPS MJQPTPNFT
<ǯǯ> BOE TJODF UIFO NBOZ PUIFS WBSJBUJPOT PG UIJT NFUIPE IBWF CFFO SFQPSUFE <ǯǰǯǳ> "MM
BSF CBTFE PO FOEPTPNBM FTDBQF BGUFS JOUFSOBMJTBUJPO USJHHFSFE CZ UIF BDJEJD FOWJSPONFOU JO UIF
FOEPTPNFTɨF UXPNPTU TUVEJFE NFDIBOJTNT GPS Q) USJHHFSFE SFMFBTF BSF ǫ
 SFNPWJOH PG 1&(
GSPN UIF TVSGBDF PG MJQPTPNF CZ DMFBWBHF PG B TFOTJUJWF MJOLFS CFUXFFO UIF 1&( NPJFUZ BOE B
MJQJE BODIPS BOE Ǭ
 DIBOHJOH UIF TJ[F PG UIF IZESBUFE MJQJE IFBEHSPVQ CZ QSPUPOBUJPO UIFSFCZ
DIBOHJOH UIF NPSQIPMPHZ PG UIF NFNCSBOF *O CPUI DBTFT VQPO USJHHFSJOH UIF NFNCSBOF
USBOTGPSNT JUTFMG GSPN B MBNFMMBS 	Lα MJQJE CJMBZFS
 UP B JOWFSTF IFYBHPOBM 	H** JOWFSTF NJDFMMF

QIBTF DPOTFRVFOUMZ GVTJOH XJUI UIF FOEPTPNBM NFNCSBOF BOE SFMFBTJOH UIF ESVH JOUP UIF
DZUPTPM PG UIF DFMM "EEJUJPOBMMZ CPUI NFDIBOJTNT SFRVJSF UIBU UIF NFNCSBOF NBUSJY PWFSBMM
DPOTJTU PG MJQJET XJUI B OFHBUJWF DVSWBUVSF 	TNBMM IFBEHSPVQ JOWFSUFE DPOF TIBQF
 ǫǬ%JPMFPZM
TOHMZDFSPǭQIPTQIPFUIBOPMBNJOF 	%01&
 JT CZ GBS UIF NPTU VTFE $PNNPO UP UIFTF MJQJET
JT UIF JOBCJMJUZ UP GPSN TUBCMF NFNCSBOFT CZ UIFNTFMWFT 'PS FYUFOEFE SFBEJOH BOE JMMVTUSBUJPO
BCPVU TIFEEJOH 1&( DPBUJOH GSPN MJQPTPNFT VTJOH BDJE USJHHFSFE SFMFBTF TFF 3PNCF FU BM <ǰǪ>
ɨF NPTU DPNNPOMZ VTFE MJQJET GPS DIBOHJOH UIF IFBEHSPVQ TJ[F EVF UP QSPUPOBUJPO BSF
DIPMFTUFSPM IFNJTVDDJOBUF 	$)&.4
 PS PMFJD BDJE 	0"
 NJYFE XJUI %01& &MMFOT FU BM <ǰǫ>
TIPXFE UIBU $)&.4%01& MJQPTPNFT MFBLFE BU Q) ǯǯ XJUI JODSFBTFE MFBLBHF XIFO UIF Q)
ESPQQFE UP ǮǪ 4VCTUJUVUJOH %01& XJUI %01$ FMJNJOBUFE UIF FêFDU PG MFBLBHF -BUFS TUVEJFT
TIPXFE UIBU $)&.4%01& MJQPTPNFT EFMJWFSFE NBDSPNPMFDVMFT UP UIF DZUPQMBTN PG DFMMT
NPSF FïDJFOUMZ UIBO MJQPTPNFT DPOTJTUJOH PG 0" BOE QIPTQIBUJEZMFUIBOPMBNJOF 	1&
 MJQJET
CVU UIJT XBT EFQFOEFOU PO DBMDJVN BOE NBHOFTJVN <ǰǬ> 4MFQVTILJO FU BM <ǰǭ> EFNPOTUSBUFE
UIBU 1&1&( MJQJE QSPMPOHFE UIF UJNF PG DJSDVMBUJPO PG $)&.4%01& MJQPTPNFT CVU UIBU
UIF ëSTU MJQJE TJHOJëDBOUMZ EFDSFBTFE UIF Q)EFQFOEFOU SFMFBTF 0"1& MJQPTPNFT XFSF TIPXO
UP CF NPSF TFOTJUJWF UIBO $)&.4%01& BOE GVTJPO XBT PCTFSWFE BU Q) ǰǯ ɨF GVTJPO
QSPDFTT DPVME BMTP CF JOJUJBUFE CZ $B2+ BOE .H2+ <ǰǮ>
Ǳ
Ǭ "óĄùĆõ ĄñĂ÷õĄùþ÷ ñþô ĄĂù÷÷õĂõô Ăõüõñăõ
ɨPNQTPO BOE DPXPSLFST <ǯǮ ǰǯ ǰǰ> VUJMJTFE BDJE MBCJMF WJOZM MJOLFST UP EFTUBCJMJTF WBSJPVT
TUFSJDBMMZ TUBCJMJTFE MJQPTPNFT *OJUJBM TUVEJFT JOWPMWFE MJQPTPNFT DPOTJTUJOH PG ǫǬEJ0	;ǫh
IFYBEFDFOZM
TOHMZDFSPǭQIPTQIPDIPMJOF 	%11MT$
 BOE %41&1&(3350GPMBUF 	ǳǳǯǪǯ
 *U
XBT TIPXO UIBU UIF Q) TFOTJUJWF %11MT$ XBT EFHSBEBCMF BU FOEPTPNBM Q) SFTVMUJOH JO FO
IBODFE SFMFBTF PG QSPQJEJVN JPEJEF 	1*
 BOE UIVT TUBJOJOH PG UIF OVDMFJJ -BUFS TUVEJFT VUJMJTFE
UIF Q) TFOTJUJWF 1&(MJQJE ǫǬEJPDUBEFDBǫh	;
ǳh	;
EJFOZMTOHMZDFSZMǭ	ωNFUIPYZQPMZ
	PYZFUIZMFOF<ǫǬǯ>
αBDFUBUF 	%01MT1&(ǯǪǪǪ
 *U XBT TIPXO UIBU %01&%01MT1&(ǯǪǪǪ
MJQPTPNFT SFMFBTFE DBMDFJO BU Q) Ǯ #PUI %11MD$ BOE %01MT1&(ǯǪǪǪ IBE UIF WJOZM FUIFS
MJOLBHF BU UIF HMZDFSPM CBDLCPOF SFTVMUJOH JO UIF GPSNBUJPO PG QBMNJUJD BDJE 	1"
 BOE TUFBSJD
BDJE 	4"
 SFTQFDUJWFMZ VQPO IZESPMZTJT .PWJOH UIF WJOZM FUIFS MJOLBHF UP CFUXFFO UIF CBDL
CPOF BOE UIF IFBEHSPVQ BMMPXJOH UIF VTBHF PG EJPMFPZM BT MJQJE BODIPS SFTVMUFE JO B SFMFBTF
PG DBMDFJO BU Q)  ǯ PO B UJNFTDBMF PG IPVST
(VP BOE 4[PLB +S <ǯǰ> EFWFMPQFE BOE BDJE TFOTJUJWF QPMZ	FUIZMFOF HMZDPM
EJPSUIP FTUFS
EJTUFBSPZM HMZDFSPM DPOKVHBUF 	10%
 XIJDI TIPXFE TUBCJMJUZ BU OFVUSBM Q) CVU JU XBT SFBEJMZ
EFHSBEFE XJUIJO ǫ I BU Q) ǯ -JQPTPNFT DPOTJTUJOH PG ǫǪ NPMǝ 10% BOE ǳǪ NPM ǝ %01&
TIPXFE TUBCJMJUZ PG VQ UP ǫǬ I CVU BU Q) ǯǯ MBSHF BHHSFHBUFT XFSF GPSNFE BOE TJNVMUBOFPVTMZ
UIF DPOUFOU XBT SFMFBTFE )PXFWFS XIFO JOKFDUJOH UIF MJQPTPNFT JOUP NJDF B GBTU DMFBSBODF
XJUI B IBMGMJGF PG BCPVU ǬǪǪNJO XBT PCTFSWFE ɨF NFDIBOJTN PG UIF SFMFBTF XBT JOWFTUJHBUFE
VTJOH BO "/54%19 MFBLBHF BOE B MJQJE NJYJOH BTTBZ <ǰǱ> 5XP SFMFBTF QIBTFT XFSF PCTFSWFE
" MBH BOE B CVSTU QIBTF %VSJOH UIF JOJUJBM MBH QIBTF UIF ëSTU EF1&(ZMBUJPO XBT JOJUJBUFE BOE
TMPX SFMFBTF XBT PCTFSWFE 8IFO B TVïDJFOUMZ IJHI BNPVOU PG 1&( XBT SFNPWFE GSPN UIF
MJQPTPNF TVSGBDF DPOUBDU CFUXFFO UIF CJMBZFST SFTVMUFE JO UIF CVSTU QIBTF DIBSBDUFSJTFE CZ
B SFMFBTF PG MBSHFS BNPVOUT PG "/54%19 ɨFTF TUVEJFT JMMVTUSBUF UXP JNQPSUBOU DPODFQUT
GPS ESVH EFMJWFSZ TZTUFNT CBTFE PO GVTPHFOJD MJQPTPNFT -JQJE NJYJOH CFUXFFO UIF GVTPHFOJD
MJQPTPNFT BOE UIF UBSHFU NFNCSBOF BOE WPMVNF USBOTGFS GSPN UIF BRVFPVT DPNQBSUNFOU PG
UIF GVTPHFOJD MJQPTPNF UP UIF UBSHFU WFTJDMF 'PS FOIBODFE EFMJWFSZ UIF GVTJPO QSPDFTT CFUXFFO
B MJQPTPNBM ESVH EFMJWFSZ TZTUFN BOE FH FOEPTPNBM WFTJDMFT NVTU CF DPOUSPMMFE 'PS NPSF
FYUFOTJWF SFBEJOH PO GVTJPO CFUXFFO MJQJE CJMBZFST UIF SFBEFST BSF SFGFSSFE UP <ǰǲǱǮ>
"O BMUFSOBUJWF UP BODIPSJOH 1&( WJB BO BDJE MBCJMF MJOLFS XBT TVHHFTUFE BOE TZOUIFTJTFE
CZ ,JSQPUJO FU BM <Ǳǯ> ɨF BVUIPST MJOLFE 1&( UP %41& VTJOH B EJTVMëEF MJOLFS 	1&(44
%41&
 JO B Q) TFOTJUJWF GPSNVMBUJPO PG %01& BOE$)&.46QPO UIJPMZUJD DMFBWBHF UIF 1&(
NPJFUZ XBT SFNPWFE BOE UIF Q) TFOTJUJWJUZ PG UIF %01&$)&.4 NFNCSBOF XBT SFTUPSFE
" NPSF TFOTJUJWF EJTVMëEF MJOLFS XBT EFWFMPQFE CZ ;BMJQTLZ FU BM <Ǳǰ> XIJDI VQPO SFBDUJPO
XJUI DZTUFJOF QSPEVDFE %41& *TIJEB FU BM <ǯǱ> DPNCJOFE B EJTVMëEF DMFBWBHF MJOLFS XJUI BOUJ
$%ǫǳUBSHFUJOH TIPXJOH B Q) EFQFOEFOU SFMFBTF PG %09 GSPN %01& MJQPTPNFT " NPSF
SFDFOU BQQSPBDI UP FOIBODF FOEPTPNBM FTDBQF DPOTJTUT PG UIF DPOKVHBUJPO PG UIF Q)TFOTJUJWF
GVTPHFOJD QFQUJEF ("-" UIBU CFDPNFT BDUJWF BU MPX Q) <ǱǱ> ɨJT BQQSPBDI TUJMM SFRVJSFT B
SFNPWBM PG UIF 1&( DPBUJOH UP CF FêFDUJWF CVU )BUBLFZBNB FU BM <Ǳǲ> IBWF BMSFBEZ TIPXO
JOUFSFTUJOH SFTVMUT VUJMJTJOH ..1Ǭ BDUJWJUZ UP EF1&(ZMBUF UIF MJQPTPNFT QSJPS UP FOEPTPNBM
FTDBQF
4P GBS DPOWJODJOH DMJOJDBM SFTVMUT BSF TUJMM BCTFOU VTJOH BDJE USJHHFSFE SFMFBTF JO DPNCJOBUJPO
XJUI JOUFSOBMJTBUJPO "OESFTFO FU BM <ǭǭ> IBT FYQSFTTFE UIBU DVSSFOU SFTVMUT NJHIU TVêFS GSPN UIF
VTF PG EPYPSVCJDJO BT EFMJWFSJOH ESVH EVF UP JUT BCJMJUZ UP QFSNFBUF NFNCSBOFT "O BEEJUJPOBM
GBDUPS UIBU NBZ CF DPOUSJCVUJOH UP UIF NJYFE SFTVMUT JT UIF TUBCJMJUZ PG EPYPSVCJDJO JO BDJEJD
ǲ
ǬǬ -JQPTPNBM USJHHFSFE SFMFBTF
FOWJSPONFOUT JO XIJDI DBTF DJTQMBUJO NJHIU CF B CFUUFS DIPJDF GPS QSPWJOH UIF SFMFBTF QSJODJQMFT
PG BDJE USJHHFSFE SFMFBTF JO WJWP
-JHIU BOE IFBU USJHHFSFE SFMFBTF
-JHIU BOE IFBU USJHHFSFE SFMFBTF BSF UXP JOUFSFTUJOH TUSBUFHJFT GPS BDUJWF SFMFBTF PG DPOUFOU GSPN
OBOPDBSSJFST )PXFWFS CPUI NFUIPET IBWF B DPNNPO NBKPS ESBXCBDL ɨFZ SFRVJSF UIBU MP
DBMJTBUJPO PG UIF UVNPVS JT LOPXO XIJDI IJOEFST UIF NFEJDBM VUJMJTBUJPO PG UIFTF NFUIPET
TJODF UIF NBKPSJUZ PG DBODFS QBUJFOUT EJFT GSPN NFUBTUBUJD DBODFS BOE OPU UIF QSJNBSZ UVNPVS
JUTFMG <Ǳǳ> *U JT UIFSFGPSF OPU B TVSQSJTF UIBU UIFTF NFUIPET SFNBJO UP CF QSPWFO FêFDUJWF JO
DMJOJDBM USJBMT
" MJHIU USJHHFSJOH TUSBUFHZ JT CBTFE PO MJQPTPNFT DPOUBJOJOH QIPUPTFOTJUJWF MJQJET XIJDI BSF
BCMF UP FJUIFS JTPNFSJTF GSBHNFOU PS QPMZNFSJTF VQPO QIPUPFYDJUBUJPO <ǯǮ> *ODSFBTFE NFN
CSBOF QFSNFBCJMJUZ EVF UP QIPUPPYJEBUJWF DMFBWBHF PG UIF WJOZM FUIFS JO QMBTNFOZMDIPMJOF XBT
BEESFTTFE CZ ɨPNQTPO BOE DPXPSLFST <ǲǪǲǭ> #Z DMFBWJOH UIF WJOZM FUIFS BMLZM DIBJO GSBH
NFOUBUJPO XBT BDIJFWFE SFTVMUJOH JO FOIBODFE SFMFBTF PG UIF FODBQTVMBUFE DPNQPVOET ɨF
BVUIPST JOWFTUJHBUFE WBSJPVT TFOTJUJTJOH DPNQPVOET XIJDI JODSFBTFE UIF QIPUP TFOTJUJWJUZ PG
UIF MJQPTPNBM GPSNVMBUJPOT NBLJOH JU QPTTJCMF UP VTF MJHIU BU MPOHFS XBWFMFOHUIT UP BDUJWBUF UIF
MJQPTPNFT 8JUIJO BMM UIF UFTUFE DPNQPVOET CBDUFSJPDIMPSPQIZMM B QSPEVDFE UIF GBTUFTU SFMFBTF
BOE BMMPXFE BDUJWBUJPO BU ǲǬǪ ON #POEVSBOU FU BM <ǲǮ ǲǯ> VUJMJTFE UIF QIPUPJOEVDFE QPMZ
NFSJTBUJPO PG CJT4PSC1$ JO WBSJPVT NFNCSBOFT 6QPO QIPUP BDUJWBUJPO QPMZNFSJ[BUJPO CF
UXFFO ǫǬCJT<ǫǪ	ǬhǮhIFYBEJFOPZMPYZ
EFDBOPZM>TOHMZDFSPǭQIPTQIPDIPMJOF 	CJT4PSC1$

XBT JOJUJBUFE SFTVMUJOH JO GPSNBUJPO PG MJQJE EPNBJOT BOE SFMFBTF GSPN UIF JOUFSGBDJBM SFHJPOT JO
UIF MJQPTPNFT )PXFWFS UIF QIPUP BDUJWBUJPO VTFE67 MJHIU XIJDINBZ EBNBHF OFBSCZ IFBMUIZ
UJTTVF MFBEJOH UP MJNJUFE QSBDUJDBM BQQMJDBUJPO .VFMMFS FU BM <ǲǰ> SFQPSUFE UIF JODPSQPSBUJPO PG
UIF DZBOJOF EZF 	%J*$	ǫǲ
ǭ
 JOUP UIF CJMBZFS XBMM PG MJQPTPNFT DPOTJTUJOH PG %41&1&(2000
DIPMFTUFSPM %41$ BOE CJT4PSC1$ NBLJOH UIF MJQPQPTPNFT TFOTJUJWF UP WJTJCMF MJHIU ɨF
JTPNFSJTBUJPO PG %11$DIPMFTUFSPM MJQPTPNFT DPOUBJOJOH 	ǫǬ	ǮhOCVUZMQIFOZM
B[PǮh	γ

QIFOZMCVUZSPZM

HMZDFSPǭQIPTQIPDIPMJOF 	#JT"[P 1$
 XBT TIPXO UP TMPXMZ SFMFBTF %09
VQPO FYQPTVSF UP OFBS 67 MJHIU <ǲǱ> ɨF NFDIBOJTN JOWPMWFE B DPOGPSNBUJPOBM DIBOHF PG
UIF B[P NPJFUZ GSPN & UP ; VQPO QIPUP BDUJWBUJPO ɨF SFMFBTF BOE VQUBLF PG %09 TIPXFE
HSFBU EFQFOEFODZ PO UIF BNPVOU PG DIPMFTUFSPM JO UIF NFNCSBOF XIFSF IJHI MPBEJOH CVU MPX
SFMFBTF XBT PCTFSWFE GPS MJQPTPNFT XJUIPVU DIPMFTUFSPM
-JQPTPNBM SFMFBTF USJHHFSFE CZ MPDBM IZQFSUIFSNJB JT CBTFE PO MJQJE GPSNVMBUJPOT XJUI B OBS
SPX NBJO QIBTF USBOTJUJPO KVTU BCPWF CPEZ UFNQFSBUVSF $MPTF UP UIF QIBTF USBOTJUJPO UFNQFSB
UVSF IFUFSPHFOFJUZ JO UIF NFNCSBOF XJMM PDDVS SFTVMUJOH JO MFBLBHF GSPN JOUFSGBDJBM NFNCSBOF
SFHJPOT <ǲǲ ǲǳ> (BCFS FU BM<ǳǪ ǳǫ> EFWFMPQFE 44-T BCMF UP SFMFBTF UIF DPOUFOU BGUFS ǭǪNJO
BU ǮǬ◦$ VTJOH B NJYUVSF PG %11$ %41$ DIPMFTUFSPM BOE %41&1&(2000 	ǫǪǪǯǪǭǪǰ
 *O
B TJNJMBS BQQSPBDI /FFEIBN FU BM <ǳǬ> VTFE MZTPQIPTQIBUJEZMDIPMJOF 	-1$
 JOTUFBE PG %41$
BOE DIPMFTUFSPM UP BMUFS UIF QIBTF USBOTJUJPO PG %11$ ɨF GPSNVMBUJPO %11$-1$%41&
1&(2000 JO UIF NPMBS SBUJP PG ǳǪǫǪǮ XBT TIPXO UP USJHHFS SFMFBTF PG EPYPSVCJDJO GSPN ǭǳ
ǮǪ◦$
ǳ
Ǭ "óĄùĆõ ĄñĂ÷õĄùþ÷ ñþô ĄĂù÷÷õĂõô Ăõüõñăõ
Čč &O[ZNBUJD USJHHFSFE SFMFBTF
&O[ZNBUJD USJHHFSFE SFMFBTF VUJMJTFT TFDSFUPSZ FO[ZNFT UP USJHHFS UIF MJQPTPNF GPSNVMBUJPO JO UIF
UVNPVS JOUFSTUJUJVN BGUFS BDDVNVMBUJPO EVF UP UIF &13 FêFDU $VSSFOUMZ SFTFBSDIFST GPDVT PO
UISFF SFMFBTF TUSBUFHJFT ǫ
 FYUSBDFMMVMBS SFMFBTF CZ EFTUBCJMJTBUJPO PG UIF MJQJE CJMBZFS Ǭ
 EF1&(Z
MBUJPO PG UIF MJQPTPNFT TVDDFFEFE CZ JOUFSOBMJTBUJPO PG UIF DBSSJFS BOE VMUJNBUFMZ FOEPTPNBM
FTDBQF BOE ǭ
 EF1&(ZMBUJPO PG UIF MJQPTPNFT SFTVMUJOH JO EJSFDU GVTJPO XJUI UIF UBSHFU DFMM
NFNCSBOF BOE EFMJWFSZ UP UIF DFMM DZUPTPM 'JHVSF Ǭǫ JMMVTUSBUFT UIF SPVUFT GPS UIF UISFF SFMFBTF
TUSBUFHJFT 4FDSFUPSZ QIPTQIPMJQBTF "2 	T1-"Ǭ
 NBUSJY NFUBMPQSPUFJOBTF Ǭ BOE ǳ 	..1Ǭ BOE
..1ǳ SFTQFDUJWFMZ
 BSF CZ GBS UIF NPTU VUJMJTFE FO[ZNFT GPS UIJT UZQF PG USJHHFSFE SFMFBTF #PUI
FO[ZNF UZQFT IBWF CFFO JOUFOTJWFMZ TUVEJFE JO UIF MBTU UXP EFDBEFT BOE DPOTJEFSBCMF QSPHSFTT
JO BDUJWF SFMFBTF IBWF CFFO NBEF VUJMJTJOH UIFN
Liposome-cell membrane interaction
Liposome-cell 
membrane
interaction
Endocytosis Liposome-cell 
membrane 
fusion
Endosomal
escape
Lysosome Cell Nucleus
Endocytosis
Extracellular 
release
'JHVSF ČĊ *MMVTUSBUJPO PG UIF UISFF SFMFBTF TUSBUFHJFT DVSSFOUMZ CFJOH BQQMJFE UP MJQPTPNBM ESVH EFMJWFSZ TZTUFNT VUJMJTJOH
FO[ZNBUJD USJHHFSFE SFMFBTF ď
 &YUSBDFMMVMBS SFMFBTF GPMMPXFE CZ QBTTJWF EJìVTJPO JOUP UIF UBSHFU DFMM Ė
 VQUBLF WJB FOEPDZ
UPTJT GPMMPXFE CZ FOEPTPNBM BTDBQF CFGPSF EFHSBEBUJPO JO UIF MZTPTPNFT BOE ė
 GVTJPO CFUXFFO UIF MJQPTPNFT BOE UIF DFMM
NFNCSBOF
ǫǪ
Ǭǭ &O[ZNBUJD USJHHFSFE SFMFBTF
4FDSFUPSZ QIPTQIPMJQBTF "2
ɨF TFDSFUPSZ 1-"2 	T1-"2
 GBNJMZ DPOTJTUT PG ǫǮǫǳ L%B $B2+EFQFOEFOU TFDSFUPSZ FO[ZNFT
UIBU DPOUBJO TFWFSBM EJTVMëEF CPOET BOE DPOTFRVFOUMZ B IJHI EFHSFF PG TUBCJMJUZ <ǳǭ> T1-"2 JT
UIF NPTU TUVEJFE MJQBTF BT BDUJWF USJHHFS GPS MJQPTPNBM ESVH EFMJWFSZ TZTUFNT BOE JT IJHIMZ PWFS
FYQSFTTFE JO TFWFSBM DBODFSPVT UJTTVFT <ǳǮ ǳǯ> *U DBUBMZTFT UIF IZESPMZTJT PG UIF TOǬ QPTJUJPO PG
QIPTQIPMJQJET MFBEJOH UP B EFHSBEBUJPO PG MJQJE NFNCSBOFT ɨF EFHSBEBUJPO PG QIPTQIPMJQJET
CZ T1-"2 SFTVMUT JO UIF GPSNBUJPO PG GSFF GBUUZ BDJET BOE MZTPMJQJET XIJDI BDU BT EFUFSHFOUT BOE
UIFSFCZ EFTUBCJMJ[F OFBSCZ NFNCSBOFT <ǳǰ>
"O JOUFSFTUJOH GFBUVSF PG T1-"2 JT JUT FOIBODFE BDUJWJUZ UPXBSET BHHSFHBUFT 	NJDFMMFT BOE
NFNCSBOFT
 DPNQBSFE UP NPOPNFST )PXFWFS UIJT BDUJWJUZ JT BêFDUFE CZ UIF TVSGBDF DIBSHF
BOE UIF MJQJE DPNQPTJUJPO +SHFOTFO FU BM <ǳǱ ǳǲ> TIPXFE UIBU UIF T1-"2 XBT NPSF BDUJWF
UPXBSET 1&(ZMBUFE MJQPTPNFT UIBO OPO1&(ZMBUFE MJQPTPNFT -BUFS TUVEJFT SFWFBMFE UIJT CF
IBWJPVS UP CF DBVTFE CZ UIF OFHBUJWF DIBSHF PG 1&(ZMBUFE MJQJET <ǳǳ> 4JNJMBS QSFGFSFODF GPS
OFHBUJWF DIBSHFE NFNCSBOFT IBT CFFO SFQPSUFE CZ -FJEZ FU BM <ǫǪǪ> ɨFTF ëOEJOHT XFSF TJH
OJëDBOU TJODF UIFZ JOJUJBUFE GVSUIFS EFWFMPQNFOU PG MJQPTPNFT DPOUBJOJOH UIF QSPUFDUJWF 1&(
DPBUJOH BOE QSFTFOUJOH TFOTJUJWJUZ UPXBSET FO[ZNF BDUJWBUJPO
%BWJETFO FU BM <ǫǪǫ> TUVEJFE UIF SFMFBTF PG DBMDFJO GSPN WBSJPVT MJQPTPNF GPSNVMBUJPO DPO
UBJOFE 1&(ZMBUFE MJQJET TIPXJOH UIBU UIF QSPEVDFE MZTPMJQJE BOE GBUUZ BDJE FOIBODFE UIF QFS
NFBCJMJUZ PG UIF MJQPTPNFT %JêFSFOU DPNQPTJUJPO PG %41$%41(%41&1&(2000 XBT JO
WFTUJHBUFE CZ "OESFTFO FU BM <ǭǭ> TIPXJOH UIBU EPYPSVCJDJO BOE DJTQMBUJO DPVME CF SFMFBTFE FG
GFDUJWFMZ CZ T1-"2**" BDUJWJUZ )PXFWFS T1-"2 XBT GPVOE UP CF JOBDUJWF UPXBSET NFNCSBOFT
DPOUBJOJOH BCPWF ǬǪNPMǝ DIPMFTUFSPM XIJDI MJNJUT UIF QSBDUJDBM BQQMJDBUJPO TJODF DIPMFTUFSPM
TJHOJëDBOUMZ JODSFBTF UIF BCJMJUZ PG EJTBUVSBUFE 1$ MJQPTPNFT UP SFUBJO UIF FODBQTVMBUJPO ESVH
JO GPSNVMBUJPOT TVDI BT %PYJM 3© <ǫǪǬ> ɨF JOBDUJWJUZ PG T1-"2 BHBJOTU NFNCSBOFT XJUI B MJR
VJE PSEFSFE 	-0
 QIBTF NJHIU FYQMBJO XIZ )BSSJOHUPO FU BM <ǫǪǭ> PCTFSWFE UIBU MJQPTPNFT
QBTTJWFMZ MPBEFE XJUI DJTQMBUJO BOE QSFTFOUJOH UIF TBNF DPNQPTJUJPO BT %PYJM 3© EJE OPU IBWF
BOZ UIFSBQFVUJD FêFDU JO QBUJFOUT 6Q UP UIJT EBUF QSPNJTJOH SFTVMUT PG JO WJWP TUVEJFT XJUI
T1-"2 EFHSBEBCMF MJQPTPNFT IBWF OPU CFFO QVCMJTIFE 'VSUIFSNPSF MJQJE DPNQPTJUJPO NJHIU
DIBOHF EVSJOH TZTUFNJD DJSDVMBUJPO <Ǭǫ> %VF UP UIF EFQFOEFODZ PO MJQJE DPNQPTJUJPO BE
EJUJPOBM DIBMMFOHFT NBZ FYJTU GPS MJQPTPNBM ESVH EFMJWFSZ TZTUFNT VUJMJTJOH T1-"2 GPS BDUJWF
USJHHFSFE SFMFBTF
T1-"2 BDUJWBUFE QSPESVHT
"OPUIFS JOUFSFTUJOH BQQSPBDI CBTFE PO T1-"2 BDUJWJUZ JO DBODFSPVT UJTTVF JT FO[ZNF BDUJWBUFE
MJQJE QSPESVHT ɨF QSJODJQMF CFIJOE UIJT BQQSPBDI JT UIF NPEJëDBUJPO PG UIF ESVH SFOEFSJOH
JU JOBDUJWF VOUJM BDUJWBUFE BU UIF UVNPVS TJUF ,BBTHBBSE FU BM <ǫǪǮ> TUVEJFE UIF JODPSQPSBUJPO
PG UIF MJQJE DPOKVHBUF PG NFUIPUSFYBUF 	.59
 JOUP B T1-"2 TFOTJUJWF NFNCSBOF ɨF BVUIPST
GPVOE UIBU IZESPMZTJT PG UIF T1-"2 .59 DPOKVHBUF FêFDUJWFMZ EFDSFBTFE UIF DFMM TVSWJWBCJMJUZ
IPXFWFS BODIPSJOH TUVEJFT TIPXFE UIBU UIF .59 DPOKVHBUF XBT OPU TVïDJFOUMZ BODIPSFE JO
UIF NFNCSBOF SFTVMUJOH JO DZUPUPYJDJUZ FWFO JO UIF BCTFODF PG T1-"2 (BCJ[PO FU BM <ǫǪǯ> JO
WFTUJHBUFE B NJUPNZDJO $ 	..$
 DPOKVHBUF XIFSF..$XBT MJOLFE UP ǫǬEJTUFBSPZM HMZDFSPM
MJQJE UISPVHI B DMFBWBCMF EJUIJPCFO[ZM MJOLFS *U XBT IZQPUIFTJTFE UIBU UIF MJQPTPNF GPSNVMB
UJPO XJUI UIF JODPSQPSBUFE ..$ DPOKVHBUF XPVME BDDVNVMBUF BU B GBTUFS QBDF JO UIF UVNPVS
ǫǫ
Ǭ "óĄùĆõ ĄñĂ÷õĄùþ÷ ñþô ĄĂù÷÷õĂõô Ăõüõñăõ
UJTTVF UIBO UIF DMFBWBHF PG UIF MJOLFS JO WJWP XPVME UBLF QMBDF 1&(ZMBUFE MJQPTPNFT DPOUBJOJOH
..$ DPOKVHBUF TIPXFE TVïDJFOU MPOH DJSDVMBUJPO BOE QSPESVH SFUFOUJPO BGUFS JW BENJOJT
USBUJPO JO SBUT *O WJWP TUVEJFT TIPXFE UIF ..$ MJQPTPNF GPSNVMBUJPO UP CF MFTT UPYJD UIBO GSFF
..$ BOE IBWF JODSFBTFE BOUJUVNPVS FïDBDZ JO UISFF UVNPVS NPEFMT
"OPUIFS QSPESVH EFTJHO CBTFE PO BOUJDBODFS FUIFS MJQJET 	"&-
 DPOKVHBUFT IBT CFFO VUJMJTFE
UP TUVEZ TJUFTQFDJëD FO[ZNBUJD USJHHFSFE SFMFBTF CZ T1-"2 <ǫǪǰ ǫǪǱ> 3FQMBDJOH UIF GBUUZ BDJE
JO UIF TOǬ QPTJUJPO PG QIPTQIPMJQJET XJUI B ESVH NPJFUZ UIFSFCZ TBGFMZ TIJFMEJOH UIF QSPESVH
JO UIF MJQPTPNBM NFNCSBOF VOUJM USJHHFSFE JO UIF UVNPVS UJTTVF )PXFWFS IFNPMZUJD FYQFSJ
NFOUT PO SFE CMPPE DFMMT TIPXFE MPX IFNPMZUJD UPYJDJUZ PG UIF "&- DPOKVHBUFT BOE UIF HSPXUI
JOIJCJUJPO PG $0-0 ǬǪǯ YFOPHSBGU NPEFM TIPXFE NJOJNBM UPYJD FêFDU " OFX "&- QSPESVH
CBTFE PO DIMPSBNCVDJM XBT TUVEJFE CZ 1FEFSTFO FU BM <ǫǪǲ> BOE EJTQMBZFE QSPNJTJOH SFTVMUT JO
DZUPUPYJDJUZ UPXBSE )5Ǭǳ .5ǭ BOE &4Ǭ DBODFS DFMM MJOFT JO UIF QSFTFODF PG 1-"Ǭ " DMFW
FSMZ EFTJHOFE QSPESVH TJNJMBS UP "&-T VUJMJTJOH T1-"2 NFEJBUFE DZDMJTBUJPO UP SFMFBTF UIF BOUJ
DBODFS ESVH DBQTBJDJO XBT SFDFOUMZ SFQPSUFE CZ -JOEFSPUI FU BM <ǫǪǳ> ɨF QSPESVH EJTQMBZFE
VOJRVF QIZTJDBM BCJMJUJFT BT JU XBT BCMF UP GPSN TNBMM VOJMBNFMMBS WFTJDMFT XJUIPVU UIF OFFE GPS
FYUSVUJPO PS TPOJDBUJPO BOE JT DVSSFOUMZ CFJOH JOWFTUJHBUFE GPS BOUJDBODFS FïDBDZ
/POFUIFMFTT EFQFOEJOH PO UIF QSPESVH EFTJHO UIF NFUIPE JT MJNJUFE UP UIF OVNCFS PG
DZUPUPYJD DPNQPVOET UIBU DBO CF TVDDFTTGVMMZ NPEJëFE JOUP B QSPESVH BOE JODPSQPSBUFE JOUP
UIF NFNCSBOF PS TBGFMZ DPOKVHBUFE UP UIF TVSGBDF PG 44-T 'VSUIFSNPSF UIF SFMFBTF PG UIF
ESVH PDDVST FYUSBDFMMVMBSMZ XIJDI NBZ MJNJU UIF FêFDUJWFOFTT PG UIF ESVH DPNQBSFE UP DZUPTPMJD
EFMJWFSZ FWFO UIPVHI UIF IZESPMZTJT DBUBMZTFE CZ T1-"2 HFOFSBUFT GBUUZ BDJET BOE MZTPMJQJET
XIJDI BSF CFMJFWFE UP FOIBODF UIF NFNCSBOF QFSNFBCJMJUZ PG UIF UVNPVS DFMMT %FTQJUF UIFTF
MJNJUBUJPOT UIF QSPESVH TUSBUFHZ MPPLT WFSZ QSPNJTJOH BOE GVUVSF QSPHSFTT PG UIJT TUSBUFHZ NBZ
EFMJWFS WFSZ FYDJUJOH SFTVMUT
.BUSJY NFUBMMPQSPUFJOBTFT
.BUSJY NFUBMMPQSPUFJOBTFT 	..1T
 BSF B CJH GBNJMZ PG [JODEFQFOEFOU FOEPQFQUJEBTFT XIJDI
SPMF JO UIF EFHSBEBUJPO PG FYUSBDFMMVMBS NBUSJY BT QBSU PG UVNPVS HSPXUI IBWF NBEF UIFN B UBS
HFU JO DBODFS UIFSBQZ GPS TFWFSBM ZFBST <ǫǫǪ>ɨF..1 GBNJMZ DPOTJTUJOH PG NBOZ TVCUZQFT XJUI
HSFBU SFTFNCMBODF <ǫǫǫ> XIFSF ..1Ǭ BOE ..1ǳ BSF UIF NPTU DPNNPOMZ VTFE GPS FO[Z
NBUJD USJHHFSFE SFMFBTF TJODF UIFZ BSF IJHIMZ PWFSFYQSFTTFE JO DBODFSPVT UJTTVF <ǫǫǪ ǫǫǬ ǫǫǭ>
"T PQQPTFE UP UIF VTF PG T1-"2 XIJDI JT BCMF UP IZESPMZTF OBUVSBM QIPTQIPMJQJET VTBHF PG
..1T GPS FO[ZNBUJD USJHHFSFE SFMFBTF SFRVJSFT TZOUIFTJT PG TQFDJBM ..1 TFOTJUJWF MJQPQFQ
UJEFT 	OPU UBLJOH UIF QSPESVH TUSBUFHZ JOUP BDDPVOU
 3FDFOUMZ NFUIPET GPS TZOUIFTJTJOH ..1
TFOTJUJWF MJQPQFQUJEFT VTJOH TPMJE QIBTF QFQUJEF TZOUIFTJT 	4114
 IBWF IPXFWFS TJHOJëDBOUMZ
NJOJNJTFE UIJT ESBXCBDL <ǫǫǮ>
%FTUBCJMJTBUJPO PG UIF MJQPTPNBM ESVH EFMJWFSZ TZTUFN CZ ..1 BDUJWJUZ DBO CF BDIJFWFE JO
TFWFSBM XBZT 4BSLBS FU BM <ǫǫǯ> EFWFMPQFE B TUFBSZMBUFE MJQPQFQUJEF BCMF UP BEPQU B..1ǳ TFO
TJUJWF USJQMF IFMJDBM TUSVDUVSF JO UIF NFNCSBOF ɨF USJIFMJDBM XBT OPU EFHSBEBCMF CZ USZQTJO
FWFO UIPVHI UIF QFQUJEF TFRVFODF DPOUBJOFE B DMFBWBCMF TJUF 3FMFBTF PG DBSCPYZìVPSFTDFJO XBT
PCTFSWFE VQPO USFBUNFOU XJUI ..1ǳ TVHHFTUJOH UIF USJIFMJDBUF MJQPQFUJEF DPVME GVODUJPO BT
B TJUFTQFDJëD USJHHFSFE SFMFBTF PG BOUJDBODFS BHFOUT ɨF BVUIPST TVHHFTUFE UIBU SFNPWJOH NPTU
PG UIF IZESPQIJMJD QBSU PG UIF MJQPQFQUJEF JODSFBTFE UIF QIBTF IFUFSPHFOFJUZ JO UIF NFNCSBOF
ǫǬ
Ǭǭ &O[ZNBUJD USJHHFSFE SFMFBTF
BOE UIFSFCZ JODSFBTFE UIF QFSNFBCJMJUZ PG UIF NFNCSBOF ɨF NFDIBOJTN PG SFMFBTF XBT MBUFS
TUVEJFE CZ &MFHCFEF FU BM <ǫǫǫ> XIP DPODMVEFE UIBU UIF SFMFBTF XBT IJHIMZ EFQFOEFOU PO UIF
MJQJE NJTNBUDI CFUXFFO UIF MJQPQFQUJEF BOE UIF NFNCSBOF .FNCSBOFT DPOTJTUJOH PG 101$
BOE %01$ ZJFMEFE DPOTJEFSBCMF BNPVOU PG SFMFBTF XIFSFBT GPS %41$ NFNCSBOF POMZ B MPX
BNPVOU PG SFMFBTF XBT PCTFSWFE ɨF BVUIPST GBJMFE UP NFOUJPOFE UIBU UIF 101$ BOE %01$
NFNCSBOFT BSF JO B ìVJE QIBTF XIJMF %41$ JT JO B HFM QIBTF BU UIF UFNQFSBUVSF PG UIF FYQFS
JNFOU XIJDI TIPVME BêFDU UIF SFMFBTF *O BEEJUJPOBM TUVEJFT JU XBT PCTFSWFE UIBU FODBQTVMBUFE
DBSCPYZìVPSFTDFJO MFBLFE GSPN UIF %01$ GPSNVMBUJPO XJUIPVU ..1ǳ USFBUNFOU <ǫǫǰ>
'VSUIFSNPSF JU XBT TIPXO UIBU UIF 101$ GPSNVMBUJPO DPOUBJOJOH UIF USJIFMJDBUF MJQPQFQUJEF
DPVME CF BDUJWBUFE CZ UIF ..1ǳ TFDSFUJOH NFUBTUBUJD DBODFS DFMMT 	.$'Ǳ
 ɨF BVUIPST QSP
QPTFE UP EFWFMPQ OFX GPSNVMBUJPOT DPOUBJOJOH 1&(ZMBUFE MJQJET UP FOTVSF MPOH UJNF DJSDVMBUJPO
CBTFE PO UIJT SFMFBTF TUSBUFHZ *U XJMM CF JOUFSFTUJOH UP TFF UIFTF SFTVMUT JO UIF GVUVSF
ɨF QSJODJQMF PG EF1&(ZMBUJOH MPOH DJSDVMBUJOH MJQPTPNFT BT EFTDSJCFE CZ 4IJO FU BM <ǰǰ>
VTJOH Q) TFOTJUJWF MJOLFST IBT CFFO BQQMJFE UP VUJMJTF FO[ZNF BDUJWJUZɨJT XBT EPOF CZ EFWFMPQ
JOH MJQPQFQUJEF DPOKVHBUFT DPOUBJOJOH B ..1 TFOTJUJWF MJOLFS <ǫǫǱ> ɨF VONBTLJOH PG TVSGBDF
CPVOE HBMBDUPTZMBUFE DIPMFTUFSPM WJB QSFUSFBUNFOU XJUI IVNBO ..1Ǭ 	I..1Ǭ
 PS DPO
EJUJPOFE NFEJB PG #ǫǰ#-ǰ DFMMT JOEVDFE BO JODSFBTFE VQUBLF PG UIF GVODUJPOBMJTFE MJQPTPNFT
CZ IFQBUPDFMMVMBS DBSDJOPNB 	)$$
 DFMMT JO B I..1Ǭ DPODFOUSBUJPOEFQFOEFOU NBOOFS ɨF
VQUBLF XBT GPVOE UP CF JOIJCJUFE CZ UIF BEEJUJPO PG FYDFTT HBMBDUPTF JOEJDBUJOH B DMFBWBHF PG UIF
..1Ǭ TFOTJUJWF MJOLFS GPMMPXFE CZ B SFDFQUPSNFEJBUFE VQUBLF PG UIF HBMBDUPTFGVODUJPOBMJTFE
MJQPTPNFT 'VSUIFSNPSF UIF BVUIPST TIPXFE BO JODSFBTF JO DZUPUPYJDJUZ PG / 4PDUBEFDZMǫβ
%BSBCJOPGVSBOPTZMDZUPTJOF 	/0"$
XIFO FODBQTVMBUFE JOUP%41$$IPM MJQPTPNFTNPEJëFE
XJUI HBMBDUPTZMBUFE DIPMFTUFSPM BOE %01&QFQUJEF1&( JO UIF QSFTFODF PG IVNBO..1TɨF
DZUPUPYJDJUZ DPVME CF TJHOJëDBOUMZ SFEVDFE CZ BEEJUJPO PG FYDFTT HBMBDUPTF
)BSBTIJNB BOE DPXPSLFST VTFE B 1&(QFQUJEF%01& 	1&(1%
 DPOKVHBUF WFSZ TJNJMBS UP
UIF POF VTFE CZ 5FSBEB FU BM <ǫǫǱ> UP TUVEZ UIF FêFDU PG VONBTLJOH B TUBCJMJTFE %01& NFN
CSBOF <ǫǫǲ> "T GPS BDJE USJHHFSFE %01&NFNCSBOFT EF1&(ZMBUJPO PG UIF %01& GPSNVMBUJPO
CZ DMFBWBHF PG UIF ..1Ǭ TFOTJUJWF MJOLFS SFTVMUFE JO B SFBSSBOHFNFOU PG TUBCJMJTFE %01&
NFNCSBOFT GSPN UIF MBNFMMBS 	Lα
 UP UIF JOWFSTF IFYBHPOBM 	H** JOWFSTF NJDFMMF
 QIBTF *U
IBT CFFO QSFWJPVTMZ SFQPSUFE UIBU 1&(MJQJET TUBCJMJTF CJMBZFS GPSNBUJPO PG OPOCJMBZFS GPSN
JOH MJQJET <ǫǫǳ> )BSBTIJNB BOE DPXPSLFST TIPXFE UIBU CZ EF1&(ZMBUJOH UIF %01& GPSNV
MBUJPO VTJOH ..1Ǭ BDUJWJUZ GVTJPOBHHSFHBUJPO PG UIF NFNCSBOF XBT JOJUJBUFE UIFSFCZ SF
MFBTJOH UIF DPOEFOTFE %/"QPMZDBUJPO DPNQMFY 6UJMJTJOH UIJT EFTJHO FêFDUJWF USBOTGFDUJPO PG
)5ǫǪǲǪ 	ëCSPTBSDPNB
 BOE )&,Ǭǳǭ 	IVNBO FNCSZPOJD LJEOFZ
 DFMMT XBT BDIJFWFE )PX
FWFS UIF CJPTUBCJMJUZ PG UIF MJQJE GPSNVMBUJPO DPOUBJOJOH UIF 1&(1% DPOKVHBUF XBT QPPS
BOE GVSUIFSNPSF JODPOTJTUFODJFT JO UIF USBOTGFDUJPO FêFDUJWFOFTT CFUXFFO JO WJUSP BOE JO WJWP
XFSF GPVOE *NQSPWFNFOUT XFSF BUUFNQUFE CZ BEEJOH B NJYUVSF PG DPOWFOUJPOBM 1&(MJQJE BOE
1&(1% DPOKVHBUF JO WBSJPVT BNPVOUT UP UIF GPSNVMBUJPO ɨF SFTVMUT TVHHFTUFE UIBU PQUJNJ
TBUJPO UPXBSET USBOTGFDUJPO BOE CJPTUBCJMJUZ XBT EFQFOEFOU PO UIF SBUJP PG UIF 1&( DPOKVHBUFT
BOE GVSUIFS PQUJNJTBUJPO XBT OFFEFE )BUBLFZBNB FU BM <Ǳǲ> GVSUIFS JNQSPWFE UIF USBOTGFDUJPO
PG UIF TZTUFN VUJMJTJOH UIF Q) TFOTJUJWF GVTPHFOJD QFQUJEF ("-" <ǫǬǪ> UP FOIBODF FOEPTPNBM
FTDBQF BGUFS JOUFSOBMJTBUJPO ɨSPVHI PQUJNJTBUJPO TUVEJFT PG UIF GPSNVMBUJPO JU XBT GPVOE
UIBU Ǭ NPMǝ ("-" BOE ǯ NPMǝ PG %41&1&(2000 BOE 1&(1% 	ǫǫ
 SFTVMUFE JO NBYJNVN
USBOTGFDUJPO *O BEEJUJPO UIF BVUIPST TIPXFE TJHOJëDBOU HFOF TJMFODJOH VTJOH B )5ǫǪǲǪMVD
ǫǭ
Ǭ "óĄùĆõ ĄñĂ÷õĄùþ÷ ñþô ĄĂù÷÷õĂõô Ăõüõñăõ
YFOPHSBGUFE NPEFM )PXFWFS UIF GPSNVMBUJPO XBT BENJOJTUSBUFE UPQJDBMMZ BOE EBUB TIPXJOH
UIF CJPEJTUSJCVUJPO PS CJPTUBCJMJUZ XBT OPU JODMVEFE
ǰJOLJOH PVU PG UIF CPY
5XP SFDFOU TUVEJFT EFTFSWF B TIPSU DPNNFOU EVF UP UIF PSJHJOBM EFTJHO BOE UIF WFSZ JOUFSFTUJOH
ESVH EFMJWFSZ QSJODJQMFT VTFEɨF GVODUJPOBMJTBUJPO QSFTFOUFE JO UIF ëSTU TUVEZ JT DPOKVHBUFE UP
EFOESJNFST CVU TIPVME BMTP BQQMJDBCMF UP MJQPTPNBM GPSNVMBUJPOT 5TJFO BOE DPXPSLFST <ǫǬǫ>
TIPXFE DFMMVMBS VQUBLF CZ VUJMJTJOH ..1Ǭ BDUJWBCMF DFMM QFOFUSBUJPO QFQUJEF 	"$$1
 6QPO
BDDVNVMBUJPO JO UIF UVNPVS UJTTVF UIF ..1Ǭ TFOTJUJWF MJOLFS JT DMFBWFE TJNJMBSMZ UP UIF
QSJODJQMFT QSFTFOUFE FBSMJFS #Z IBWJOH QPTJUJWFMZ DIBSHFE BNJOP BDJET DMPTFTU UP UIF TVSGBDF
BOE OFHBUJWFMZ DIBSHF BNJOP BDJET PO UIF PUIFS TJEF PG UIF DMFBWBHF TJUF UIF FO[ZNBUJD BDUJ
WBUJPO SFOEFST UIF EFOESJNFS TVSGBDF QPTJUJWF DIBSHFE VQPO DMFBWBHF PG UIF ..1Ǭ TFOTJUJWF
MJOLFS *U JT HFOFSBMMZ CFMJFWFE UIBU QPTJUJWFMZ DIBSHFE OBOPQBSUJDMFT BSF UBLFO VQ CZ DFMMT EVF UP
FMFDUSPTUSBUJD JOUFSBDUJPO CFUXFFO UIF QPTJUJWF OBOPQBSUJDMF BOE UIF OFHBUJWFMZ DIBSHFE UVNPVS
NFNCSBOF 1PTJUJWFMZ DIBSHFE OBOPQBSUJDMFT BSF NPTU DPNNPOMZ VTFE GPS USBOTGFDUJPO TZTUFNT
<ǫǬǬ ǫǬǭ> *U XJMM CF JOUFSFTUJOH UP TFF GVUVSF TUVEJFT PO UIF VTF PG "$$1 JO ESVH EFMJWFSZ
$PODFSOJOH UIF TFDPOE NFUIPE "LJUB FU BM <ǫǬǮ> EFWFMPQFE NVMUJMBZFSFE OBOPQBSUJDMFT GPS
QFOFUSBUJOH UIF FOEPTPNF BOE OVDMFBS NFNCSBOF WJB B TUFQXJTF NFNCSBOF GVTJPO QSPDFTT 	TFF
<ǫǬǮ> GPS JMMVTUSBUJPOT
 *O TIPSU UIF MJQJE GPSNVMBUJPO DPOTJTUT PG NVMUJQMF GVTPHFOJD MJQJE MBZFST
PQUJNJTFE UP GVTF XJUI UIF EJêFSFOU DFMMVMBS DPNQBSUNFOUT &BDI UJNF UIF TZTUFN GVTFT XJUI B
NFNCSBOF JU MPPTFT B MBZFS UIFSFCZ CFJOH BCMF UP GVTF XJUI UIF FOEPTPNBM NFNCSBOF BOE UIF
OVDMFVT NFNCSBOF SFTVMUJOH JO WFSZ IJHI USBOTGFDUJPO
Čď $PODMVEJOH SFNBSL
ɨF TUVEJFT QSFTFOUFE JO UIJT DIBQUFS JMMVTUSBUF UIF SFDFOU QSPHSFTT JO UIF ESVH EFMJWFSZ ëFME
EVSJOH UIF MBTU EFDBEFT DPODFSOJOH MJQPTPNBM EFMJWFSZ TZTUFNT &TQFDJBMMZ UIF VTF PG VQSFHV
MBUFE FO[ZNFT BT TJUFTQFDJëD USJHHFST IBT TIPXO QSPNJTJOH SFTVMUT )PXFWFS OP DMJOJDBM TUVEJFT
TIPXJOH TJHOJëDBOUMZ JODSFBTFE UIFSBQFVUJD PVUDPNF BT UIF SFTVMU PG USJHHFSFE SFMFBTF IBWF CFFO
QSFTFOUFE JO UIF MJUFSBUVSF *U IBT CFFO TVHHFTUFE UIBU UIF MBDL PG LOPXMFEHF BCPVU UIF UVNPVS
NJDSPFOWJSPONFOU BOE QPTTJCMF DIBOHFT PG UIF MJQJE DPNQPTJUJPO EVSJOH TZTUFNJD DJSDVMBUJPO
NBZ CF UIF SFBTPO XIZ MJQPTPNBM ESVH EFMJWFSZ TZTUFNT OPU ZFU IBWF QSPWFO BT TVDDFTTGVM BT
IPQFE GPS ɨF XPSL QSFTFOUFE JO UIJT UIFTJT GPDVTFT PO BUUBJOJOH B NPSF GVOEBNFOUBM LOPXM
FEHF BCPVU FO[ZNBUJD USJHHFSFE SFMFBTF PO B NPMFDVMBS CBTJT XIJDI NBZ BMMPX GPS B CFUUFS EFTJHO
PG B MJQPTPNBM ESVH EFMJWFSZ TZTUFN
ǫǮ
Chapter3
&O[ZNF "DUJWJUZ 4UVEJFT
"ĄSJHHFS NFDIBOJTN GPS B MJQPTPNBM ESVH EFMJWFSZ TZTUFN OFFET UP CF TJUFTQFDJëD JO PSEFSUP SFMFBTF UIF ESVH BU UIF UBSHFU TJUF BOE UIFSFCZ JODSFBTF UIF CJPBWBJMBCJMJUZ BOE FïDBDZ
PG UIF ESVH ɨFSFGPSF JU JT JNQPSUBOU UP DMBSJGZ UIF FO[ZNBUJD BDUJWJUZ JO PSEFS UP PQUJNJTF
UIF USJHHFSFE SFMFBTF UP NBUDI UIF EFTJSFE QIBSNBDPEZOBNJDT PG UIF DBSSJFE ESVH BT QBSU PG B
SBUJPOBM EFTJHOFE ESVH EFMJWFSZ TZTUFN
*O QBSUJDVMBS UIF BNPVOU PG 1&( PO UIF TVSGBDF PG MJQPTPNFT BT XFMM BT UIF TVSGBDF DIBSHF
IBWF CFFO QJOQPJOUFE BT UXP LFZ GBDUPST JO UIF EFTJHO PG BEWBODFE MJQPTPNBM ESVH EFMJWFSZ
TZTUFNT <ǭ ǫǬǯ ǫǬǰ> 4UVEJFT BJNJOH BU FMVDJEBUJOH UIF FêFDU PG 1&( EFOTJUZ BOE TVSGBDF
DIBSHF PO UIF FO[ZNF BDUJWJUZ PG 1-"2 IBWF TIPXFE BO JODSFBTFE BDUJWJUZ UPXBSET OFHBUJWFMZ
DIBSHFE NFNCSBOFT XJUI BO JODSFBTJOH BNPVOU PG 1&( <ǳǲ ǳǳ> 5P UIF CFTU PG NZ LOPXMFEHF
TJNJMBS TUVEJFT FMVDJEBUJOH UIF FêFDU PG 1&( EFOTJUZ BOE TVSGBDF DIBSHF UPXBSET ..1 BDUJWJUZ
IBWF OPU ZFU CFFO SFQPSUFE
'VSUIFSNPSF JU JT XFMM LOPXO UIBU QMBTNB QSPUFJO BETPSQUJPO PDDVST BGUFS JW BENJOJTUSBUJPO
PG OBOPQBSUJDMFT <ǫǬǱ ǫǬǲ> BOE UIVT UIJT FêFDU TIPVME BMTP CF JOWFTUJHBUFE JO SFMBUJPO UP UIF
FO[ZNBUJD USJHHFSJOH NFDIBOJTN
ɨF QSPUFPMZUJD BDUJWJUZ PG ..1Ǭ JT TVJUBCMF GPS BDUJWF ESVH SFMFBTF TJODF UIF FO[ZNF JT
IJHIMZ VQSFHVMBUFE JO WBSJPVT UVNPVS UJTTVFT <ǫǫǪ> ɨFSNPMZTJO XBT TFMFDUFE BT B DPOWFOJFOU
NPEFM FO[ZNF EVF UP JUT TJNJMBSJUZ UP ..1Ǭ XJUI SFTQFDU UP TVCTUSBUF TFMFDUJWJUZ JTPFMFDUSJD
QPJOU 	Q*
 BOE Q) PQUJNVN BU ǭǱ◦$ <ǫǬǳ> 'VSUIFSNPSF UIFSNPMZTJO TIPXT MJUUMF UFOEFODZ UP
VOEFSHP TFMGIZESPMZTJT JO DPNQBSJTPO UP ..1Ǭ <ǫǭǪ ǫǭǫ> XIJDI TJNQMJëFT BOBMZTJT PG UIF
FO[ZNF LJOFUJDT PO UIF TVSGBDF PG MJQPTPNFT ɨF VTF PG ..1Ǭ GPS TJUFTQFDJëD ESVH SFMFBTF
XBT FWBMVBUFE CZ TUVEZJOH UIF FêFDU PG WBSJPVT TVSGBDF NPEJëDBUJPOT PG MJQPTPNFT BOE UIF QSFT
FODF PG CPWJOF TFSVN BMCVNJO 	#4"
 CZ NPOJUPSJOH UIF IZESPMZTJT PG TVCTUSBUF VTJOH NBUSJY
BTTJTUFE MBTFS EFTPSQUJPOJPOJ[BUJPO UJNF PG ìJHIU NBTT TQFDUSPTDPQZ 	."-%*50' .4
 "
MJQPQFQUJEF DPOUBJOJOH UIF ..1Ǭ BOE UIFSNPMZTJOTFOTJUJWF BNJOP BDJE NPUJG *174-34(
<ǫǭǬ> XBT TZOUIFTJTFE VTJOH TPMJE QIBTF QFQUJEF TZOUIFTJT ɨF MJQJE BODIPSFE TVCTUSBUF XBT
UIFO JODPSQPSBUFE JOUP 101$ MJQPTPNFT DPOUBJOJOH Ǫ ǯ PS ǫǪ NPMǝ %41&1&(2000 ǯ NPMǝ
%05"1 PS ǯ NPMǝ 101( JMMVTUSBUFE JO 'JHVSF ǭǫ
ǫǯ
ǭ &þĊĉýõ "óĄùĆùĄĉ 4Ąąôùõă
A B
CD
peptide pep
tid
e
peptidepep
tid
e
BSA
BSA
'JHVSF čĊ  *MMVTUSBUJPO PG UIF GPSNVMBUFE 101$ MJQPTPNFT DPOUBJOJOH ę NPMĀ MJQPQFQUJEF $)3	$)2
16$0/)"SH
"SH"SH(MZ*MF 1SP7BM4FS-FV"SH4FS(MZ(MZ"TQ"TQ"TQ/)2 	4"1&1
 	"
 -JQPTPNFT XJUI UIF QFQUJEF NPJFUZ
PG UIF MJQPQFQUJEF QPJOUJOH PVU GSPN UIF NFNCSBOF 	#
 -JQPTPNFT DPOUBJOJOH ę PS ďč NPMĀ %41&1&(2000 SFTVMUJOH JO
B NVTISPPNMJLF PS CSVTIMJLF TUSVDUVSF SFTQFDUJWFMZ 	$
 -JQPTPNFT DPOUBJOJOH FJUIFS ę NPMĀ %05"1 PS 101( SFTVMUJOH
JO B QPTJUJWF PS OFHBUJWF DIBSHFE NFNCSBOF 	%
 1&(ZMBUFE MJQPTPNFT JO UIF QSFTFODF PG #4"
čĊ ."-%*50' .4 "OBMZTJT
ɨF WBSJPVT TVSGBDF NPEJëFE MJQPTPNFT XFSF JODVCBUFE XJUI ..1Ǭ PS UIFSNPMZTJO 4BNQMFT
XFSF FYUSBDUFE BU QSFEFUFSNJOFE UJNF JOUFSWBMT BOE BOBMZTFE CZ ."-%*50' .4 &BDI EBUB
QPJOU JT BO BWFSBHF PG UISFF JOEFQFOEFOU NFBTVSFNFOUT PG FBDI TBNQMF &YBNQMFT PG ."-%*
50'.4 TQFDUSB BSF TIPXO JO 'JHVSF ǭǬ XIFSF UIF TVCTUSBUF QFBL 	S N[  ǬǪǬǪ
 BOE QSPEVDU
QFBL 	P1 N[  ǫǬǪǰ
 BSF TIPXO BT B GVODUJPO PG UJNF PG JODVCBUJPO XJUI UIF FO[ZNF "EEJ
UJPOBM NJOPS QFBLT BSF PCTFSWFE JO UIF ."-%*50' .4 TQFDUSB 	'JHVSF ǭǬ
 BU N[  ǫǬǬǲ
BOE ǬǪǮǬ XIJDI BSF TPEJVN BEEVDUT PG UIF TVCTUSBUF BOE QSPEVDU SFTQFDUJWFMZ
ɨF LJOFUJDT PG UIFSNPMZTJO BOE ..1T BDUJOH PO GSFF QFQUJEF TVCTUSBUFT IBWF QSFWJPVTMZ
CFFO EFTDSJCFE CZ UIF.JDIBFMJT.FOUFO SFBDUJPO TDIFNF <ǫǭǭ> XIJDI GPS IZESPMZTJT PG B NFN
CSBOF BODIPSFE MJQPQFQUJEF DBO CF XSJUUFO BT
S + E
K = k1/k − 1−−−−−−−−⇀↽ − SE kcat−−→ P1 + P2 + E 	ǭǫ

XIFSF S JT UIF MJQPQFQUJEF TVCTUSBUF E JT UIF FO[ZNF JF UIFSNPMZTJO PS ..1Ǭ SE JT UIF
FO[ZNFTVCTUSBUF DPNQMFY BOEP1 	N[  ǫǬǪǰ
 BOEP2 	N[  ǲǭǬ
 BSF UIF IZESPMZ[FE QFQUJEF
QSPEVDUT 	TUFBSJDBDJE DPOKVHBUF BOE UIF DMFBWFE QFQUJEF GSBHNFOU

ɨF ."-%*50'.4 QFBL GSPN P2 DPVME OPU CF SFTPMWFE QPTTJCMZ EVF UP NBUSJY JOUFSGFS
FODF #Z BTTVNJOH QSPQPSUJPOBMJUZ CFUXFFO UIF."-%*50' QFBL JOUFOTJUZ BOE DPODFOUSBUJPO
GPS B HJWFO DPNQPVOE XF PCUBJO UIF FYQSFTTJPOT S = αS∗ BOE P1 = βP ∗1 SFMBUJOH UIF TVC
TUSBUF DPODFOUSBUJPO S UP UIF DPSSFTQPOEJOH ."-%*50' .4 QFBL JOUFOTJUZ S∗ BOE UIF
QSPEVDU DPODFOUSBUJPO P1 UP UIF DPSSFTQPOEJOH ."-%*50' .4 QFBL JOUFOTJUZ P ∗1  ɨF
ǫǰ
ǭǫ ."-%*50' .4 "OBMZTJT
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'JHVSF čČ &YBNQMF PG ."-%*50' TQFDUSB BOE QMPU PG UIF IZESPMZTJT PG UIF MJQPQFQUJEF Ċ 	"
 3BX EBUB GSPN."-%*
50' BOBMZTJT BU UISFF TFMFDUFE UJNF JOUFSWBMT 	#
 ǲF JOUFOTJUZ PG TVCTUSBUF BOE QSPEVDU JT NFBTVSFE BOE UIF SBUJP 4	41

	*OUFOTJUZ
 JT QMPUUFE BHBJOTU UJNF 	NJO
 ǲF TMPQF PG UIF UBOHFOU MJOF JMMVTUSBUFT UIF JOJUJBM WFMPDJUZ
GSBDUJPO PG SFNBJOJOH TVCTUSBUF ξ DBO OPX CF FYQSFTTFE WJB UIF ."-%*50'.4 QFBL JOUFO
TJUJFT BT
ξ(t) =
S
S + P1
=
S∗
S∗ + (β/α)P ∗1
	ǭǬ

ɨF SBUJP βα NFBTVSFT UIF EJêFSFODFT JO ìJHIU CFIBWJPS PG UIF QSPEVDU BOE TVCTUSBUF BOE
XBT NFBTVSFE UP CF βα  ǫǭǮ±ǪǪǱ
"T BO JOJUJBM BTTVNQUJPO UIF IZESPMZTJT PG UIF MJQPQFQUJEF JT NPEFMMFE CZ ëSTU PSEFS LJOFUJDT
BOE UIF GSBDUJPO PG SFNBJOJOH TVCTUSBUF DBO CF XSJUUFO BT
ξ(t) =
Sint0
S0
+
Sext0
S0
FYQ
(
−
(
kcat
KM
)
E0 · t
)
	ǭǭ

XIFSFSint0 BOES
ext
0 BSF UIF JOJUJBM DPODFOUSBUJPOT PG TVCTUSBUF PO UIF JOUFSJPS BOE FYUFSJPS PG
UIF MJQPTPNFT S0 JT UIF UPUBM JOJUJBM TVCTUSBUF DPODFOUSBUJPO BOE E0 JT UIF JOJUJBM FO[ZNF DPO
DFOUSBUJPO ɨF JOUSPEVDUJPO PG BO JOUFSJPS BOE FYUFSJPS TVCTUSBUF DPODFOUSBUJPO JO FRVBUJPO
	ǭǭ
 SFìFDUT UIF JNQFSNFBCJMJUZ PG UIF MJQJE NFNCSBOF XJUI SFHBSE UP UIF FO[ZNF SFOEFSJOH
POMZ UIF MJQPQFQUJEF PO UIF PVUFS NFNCSBOF MFBìFU BWBJMBCMF GPS IZESPMZTJT *O 'JHVSF ǭǬ# BOE
ǭǭ"# UIF GSBDUJPO PG SFNBJOJOH TVCTUSBUF JT QMPUUFE BT B GVODUJPO PG UJNF GPS UIFSNPMZTJO BDU
JOH PO 101$ CBTFE MJQPTPNFT DPOUBJOJOH ǯ NPMǝ MJQPQFQUJEF *O BEEJUJPO UIF ëUT PG FRVBUJPO
	ǭǭ
 UP UIF FYQFSJNFOUBM EBUB BSF TIPXO ɨF SBUJPT Sint0 /S0  S
ext
0 /S0 BOE kcatE0/KM BSF
PCUBJOFE BT JOEJWJEVBM QBSBNFUFST GSPN ëUUJOH PG FRVBUJPO 	ǭǭ
 UP UIF FYQFSJNFOUBM EBUB ɨF
JOJUJBM WFMPDJUZ
vini
S0
= − 1
S0
dS
dt
∣∣∣
t=0
= −dξ
dt
∣∣∣
t=0
=
Sext0
S0
kcat
KM
E0 	ǭǮ

ǫǱ
ǭ &þĊĉýõ "óĄùĆùĄĉ 4Ąąôùõă
JT EFëOFE WJB UIF ëUUJOH QBSBNFUFST JO FRVBUJPO 	ǭǭ
 BOE JT GVSUIFSNPSF JMMVTUSBUFE CZ UIF
TMPQF PG UIF UBOHFOU MJOF BU UǪ
ξtangent(t) =
Sint0
S0
+
Sext0
S0
− vini
S0
· t 	ǭǯ

TIPXO JO UIF JOTFSUT PG 'JHVSF ǭǭ ǭǯ BOE ǭǲ ɨF PCUBJOFE JOJUJBM WFMPDJUJFT BSF DPNQJMFE JO
'JHVSF ǭǮ
čČ 1SPUFBTF BDUJWJUZ PG UIFSNPMZTJO
'JSTU XF QSFQBSFE 101$ MJQPTPNFT DPOUBJOJOH Ǫ ǯ BOE ǫǪ NPMǝ PG %41&1&(2000 	SFQSF
TFOUFE TDIFNBUJDBMMZ JO 'JHVSF ǭǫ"#
 BOE JOWFTUJHBUFE IPX UIF JODSFBTF JO 1&( EFOTJUZ PO
UIF TVSGBDF PG UIF MJQPTPNFT BêFDUFE UIF FO[ZNF BDUJWJUZ PG UIFSNPMZTJO 	'JHVSF ǭǭ"

(FOFSBMMZ UIF EBUB TIPXO JO 'JHVSF ǭǬ BOE ǭǭ BSF XFMM EFTDSJCFE CZ FRVBUJPO 	ǭǭ
 BOE
UIF BDRVJSFE SBUJP 	CZ ëUUJOH FRVBUJPO ǭǭ
 Sext0 /S0 ∼ Ǫǯ¦Ǫǰ DPSSFTQPOET UP IZESPMZTJT PG
ǯǪǰǪǝ PG UIF TVCTUSBUF XIJDI JT JO BDDPSEBODF XJUI UIF FTUJNBUJPO UIBU ǯǪǰǪǝ PG UIF MJQJE
TVSGBDF PG B ǫǪǪON MJQPTPNF JT BDDFTTJCMF GSPN UIF FYUFSJPS ɨF ëSTU PSEFS LJOFUJD NPEFM JT
UIVT DBQBCMF PG EFTDSJCJOH UIF UIFSNPMZTJODBUBMZ[FE IZESPMZTJT PG UIF MJQPQFQUJEF $PNQMFUF
IZESPMZTJT PG UIF BWBJMBCMF TVCTUSBUF CZ UIFSNPMZTJO XBT PCTFSWFE XJUIJO ǫ Ǭ BOE ǮI GPS 101$
MJQPTPNFT DPOUBJOJOH Ǫ ǯ BOE ǫǪ NPMǝ %41&1&(2000 SFTQFDUJWFMZ DPSSFMBUJOH XFMM XJUI UIF
SFMBUJWF JOJUJBM WFMPDJUJFT TIPXO JO 'JHVSF ǭǮ"
%FQFOEJOH PO UIF DPODFOUSBUJPO PG 1&( PO UIF TVSGBDF PG UIF MJQPTPNFT UIF QPMZNFS DBO
BEPQU B NVTISPPN PS CSVTIMJLF TUSVDUVSF XJUI B TPGU USBOTJUJPO BSPVOE ǲǳ NPMǝ <ǫǭǮ ǫǭǯ>
ɨF NVTISPPN MJLF TUSVDUVSF QSFTFOU HBQT CFUXFFO UIF QPMZNFS DIBJOT XIFSF QSPUFBTFT DBO
BDDFTT B TVCTUSBUF PO UIF TVSGBDF PG UIF MJQPTPNFT 0QQPTJUFMZ MJQPTPNFT XJUI ǫǪ NPMǝ 1&(
EJTQMBZ B CSVTIMJLF TUSVDUVSF 	'JHVSF ǭǫ#
 TIJFMEJOH UIF MJQPTPNF TVSGBDF BOE GPSDJOH UIF
QSPUFBTF UP QFOFUSBUF UIF 1&( MBZFS JO PSEFS UP BDDFTT UIF TVCTUSBUF 'VSUIFSNPSF UIF VTF PG
BNJEF DPVQMFE %41&1&(2000 SFNPWFE UIF QPTJUJWF DIBSHF PG UIF QIPTQIBUJEZMFUIBOPMBNJOF
IFBEHSPVQ SFOEFSJOH UIF 1&(MJQJE OFHBUJWFMZ DIBSHFE BOE UIFSFCZ DIBOHJOH UIF Q) BU UIF
MJQPTPNF TVSGBDF EVF UP BO FMFDUSPTUBUJD FêFDU <ǫǭǰ> ɨJT BMMPXFE GPS JOWFTUJHBUJOH XIFUIFS UIF
TVSGBDF DIBSHF IBT B TJHOJëDBOU FêFDU PO UIF QSPUFBTF BDUJWJUZ CZ GPSNVMBUJOH OFHBUJWFMZ DIBSHFE
101$ MJQPTPNFT DPOUBJOJOH ǯ NPMǝ 101( BOE QPTJUJWFMZ DIBSHFE MJQPTPNFT DPOUBJOJOH ǯ
NPMǝ %05"1 	SFQSFTFOUFE TDIFNBUJDBMMZ JO 'JHVSF ǭǫ$
 BT XFMM BT DPNQBSJOH UIFN UP OFV
USBMMZ DIBSHFE 101$ MJQPTPNFT 	'JHVSF ǭǭ#
 /P TJHOJëDBOU FêFDU PO UIF FO[ZNF BDUJWJUZ PG
UIFSNPMZTJO XBT PCTFSWFE GPS MJQPTPNFT XJUI EJêFSFOU TVSGBDF DIBSHF BT TIPXO CZ 'JHVSF ǭǭ#
ɨJT JOEJDBUFT UIBU UIF PCTFSWFE SFEVDUJPO PG UIFSNPMZTJO BDUJWJUZ XJUI BO JODSFBTJOH BNPVOU PG
%41&1&(2000 JT EVF UP TUFSJDBM IJOEFSFODF PG UIF FO[ZNF SBUIFS UIBO BO FMFDUSPTUBUJD FêFDU
4JNJMBS TUVEJFT VTJOH QIPTQIPMJQBTF "Ǭ 	1-"2
 IBWF TVHHFTUFE UIBU UIF JODSFBTFE BDUJWJUZ XBT
DBVTFE CZ BO FMFDUSPTUBUJD FêFDU GSPN UIF OFHBUJWFMZ DIBSHFE 1&1&( <ǳǲ ǳǳ> ɨFTF ëOEJOHT
BSF IPXFWFS OPU EJSFDUMZ DPNQBSBCMF UP UIF VTBHF PG ..1Ǭ BDUJWJUZ GPS BDUJWF SFMFBTF BT UIF
UXP FO[ZNFT CFMPOH UP EJêFSFOU QSPUFBTF GBNJMJFT XJUI EJêFSFOU TVCTUSBUFT BOE NFDIBOJTNT
ǫǲ
ǭǭ 1SPUFBTF BDUJWJUZ PG ..1Ǭ
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'JHVSF čč )ZESPMZTJT PG 4"1&1 CZ UIFSNPMZTJO PO UIF TVSGBDF PG MJQPTPNFT JOTFSUJPOT SFQSFTFOU UIF JOJUJBM WFMPDJUZ íU
PG UIF SFQSFTFOUFE EBUB 	"
 ǲF FìFDU PG 1&( PO UIF FO[ZNF BDUJWJUZ PG Ėč O. UIFSNPMZTJO JT TIPXO UIF FO[ZNF BDUJWJUZ
EFDSFBTFE BT UIF BNPVOU PG 1&( JODSFBTFE UIF IZESPMZTJT PG 4"1&1 XBT DPNQMFUF JO Ěč ďĖč BOE ĖĘč NJOVUFT GPS MJQPTPNFT
DPOUBJOJOH č ę PS ďč NPMĀ SFTQFDUJWFMZ 	#
 ǲF TVSGBDF DIBSHF PG OFHBUJWF PS QPTJUJWF MJQPTPNFT DPOUBJOJOH ę NPMĀ PG
101( PS %05"1 SFTQFDUJWFMZ TIPXFE OP FìFDU PO UIF FO[ZNF BDUJWJUZ DPNQBSFE UP UIF OFVUSBM 101$ MJQPTPNFT
čč 1SPUFBTF BDUJWJUZ PG ..1Č
4JNJMBS UP UIF UIFSNPMZTJO TUVEJFT 101$ MJQPTPNFT DPOUBJOJOH Ǫ ǯ ǫǪNPMǝ%41&1&(2000
ǯNPMǝ 101(PS ǯNPMǝ%05"1XFSF JODVCBUFE VTJOH ǫǲ O.PS ǯǰ O...1Ǭ BOE TBNQMFT
XFSF FYUSVEFE BU QSFEFUFSNJOFE UJNF JOUFSWBMT BOE BOBMZTFE CZ ."-%*50' .4 ɨF SFTVMUT
BSF TIPXO JO 'JHVSF ǭǯ"$ JODMVEJOH ëUT PG FRVBUJPO 	ǭǭ
 UP UIF FYQFSJNFOUBM EBUB
*O UIF DBTF PG ..1Ǭ FRVBUJPO 	ǭǭ
 JT BCMF UP EFTDSJCF UIF EBUB QSPHSFTTJPO IPXFWFS GVMM
DPOWFSTJPO PG UIF TVCTUSBUF BT PCTFSWFE GPS IZESPMZTJT CZ UIFSNPMZTJO JT OPU BDIJFWFE JF UIF
IZESPMZTJT PG UIF MJQPQFQUJEF CZ ..1Ǭ DBOOPU CF EFTDSJCFE CZ TJNQMF ëSTU PSEFS LJOFUJDT
4JODF ..1Ǭ JT LOPXO UP VOEFSHP BVUPDBUBMZTJT <ǫǭǪ ǫǭǫ> XF UFTUFE GPS BVUPDBUBMZUJD EFHSB
EBUJPO PG ..1Ǭ BGUFS ǮBNJOPQIFOZMNFSDVSJD "DFUBUF 	"1."
 BDUJWBUJPO PG QSP..1Ǭ
ǫǳ
ǭ &þĊĉýõ "óĄùĆùĄĉ 4Ąąôùõă
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'JHVSF čďǲF SFMBUJWF JOJUJBM WFMPDJUJFT PG UIF FO[ZNF TUVEJFT QSFTFOUFE JO UIJT XPSL 	"
ǲF JOJUJBM WFMPDJUZ PG UIFSNPMZTJO
EFDSFBTFE XJUI BO JODSFBTFE BNPVOU PG 1&( XIJMF OP TJHOJíDBOU DIBOHF JO UIF JOJUJBM WFMPDJUJFT XBT PCTFSWFE GPS DIBSHFE
PS OFVUSBM MJQPTPNFT 	#
 4JNJMBS UP UIFSNPMZTJO UIF JOJUJBM WFMPDJUZ PG ..1Ė EFDSFBTFE XJUI B IJHIFS BNPVOU PG TVSGBDF
CPVOE 1&( 6OMJLF GPS UIFSNPMZTJO UIF ..1Ė BDUJWJUZ XBT BìFDUFE CZ UIF TVSGBDF DIBSHF PG UIF MJQPTPNFT JODSFBTJOH
BT UIF DIBSHFE XFOU GSPN BOJPOJD UP OFVUSBM UP QPTJUJWF SFTQFDUJWFMZ 	$
 /P TJHOJíDBOU DIBOHF JO UIF JOJUJBM WFMPDJUJFT PG
..1Ė XBT PCTFSWFE GPS TVSGBDF 1&(ZMBUFE 101$ MJQPTPNFT JO UIF QSFTFODF PG ďčĀ #4"
XIJDI TIPXFE UIBU BGUFS ǫǬǪ NJOVUFT UIF BDUJWF GPSNT PG ..1Ǭ XFSF IJHIMZ SFEVDFE 	'JHVSF
ǭǰ

ɨJT XPVME BêFDU UIF IZESPMZTJT PG UIF MJQPQFQUJEF TJODF UIF BDUVBM DPODFOUSBUJPO PG ..1
Ǭ EFDSFBTFT PWFS UJNF UIFSFCZ DIBOHJOH UIF LJOFUJD QSPëMF PG UIF FYQFSJNFOUT 5P HBVHF UIJT
IZQPUIFTJT UIF BVUPDBUBMZTJT PG UIF FO[ZNF XBT BT B ëSTU BQQSPYJNBUJPO JODMVEFE JO UIF NPEFM
FJUIFS BT B [FSP PS ëSTU PSEFS SFBDUJPO JF
E
kE⇐⇒ E∗ 	ǭǰ

PS
E + E
kE⇐⇒ E + E∗ 	ǭǱ

ǬǪ
ǭǭ 1SPUFBTF BDUJWJUZ PG ..1Ǭ
XIFSF & JT BO JOBDUJWF GPSN PG UIF FO[ZNF BOE kE JT UIF HPWFSOJOH SBUF DPOTUBOU GPS UIF
FO[ZNF BVUPDBUBMZTJT 5BLFO UPHFUIFS XJUI FRVBUJPO 	ǭǫ
 BOE BTTVNJOH ëSTU PSEFS LJOFUJDT GPS
UIF IZESPMZTJT PG UIF MJQPQFQUJEF POF BSSJWFT BU UXP NPEJëFE FYQSFTTJPOT GPS UIF GSBDUJPO PG UIF
SFNBJOJOH TVCTUSBUF
ξ0th(t) =
Sint
S0
+
Sext
S0
FYQ
(
−
(
kcat
KM
)(
E0t− 0.5kEt2
))
	ǭǲ

PS
ξ1th(t) =
Sint
S0
+
Sext
S0
FYQ
((
kcatE0
KMkE
)
(FYQ (−kEt)− 1)
)
	ǭǳ

GPS UIF [FSP BOE ëSTU PSEFS BVUPDBUBMZUJD SFBDUJPO SFTQFDUJWFMZ " EJSFDU DPOTFRVFODF PG JODMVE
JOH BVUPDBUBMZTJT JO UIF NPEFM JT UIBU UIF GSBDUJPO PG SFNBJOJOH TVCTUSBUF VQPO DPNQMFUJPO PG
SFBDUJPO 	XIFO FJUIFS UIF FO[ZNF PS TVCTUSBUF JT GVMMZ EFHSBEFE
 POMZ SFBDIFT UIF MFWFMT
ξ0thfinal =
Sint
S0
+
Sext
S0
FYQ
(
−
(
kcatE
2
0
2KMkE
))
	ǭǫǪ

PS
ξ1thfinal =
Sint
S0
+
Sext
S0
FYQ
(
−
(
kcatE0
KMkE
))
	ǭǫǫ

GPS UIF [FSP BOE ëSTU PSEFS BVUPDBUBMZUJD SFBDUJPO SFTQFDUJWFMZ %FQFOEJOH PO UIF JOJUJBM FO
[ZNF DPODFOUSBUJPO UIF SFBDUJPO PSEFS PG UIF BVUPDBUBMZUJD SFBDUJPO BOE UIF NBHOJUVEF PG UIF
DPSSFTQPOEJOH SBUF DPOTUBOU 	kE
 TFWFSBM TDFOBSJPT DBO CF SFBDIFE XIFSF UIF ëOBM GSBDUJPO PG
SFNBJOJOH TVCTUSBUF GBMMT JO UIF SBOHF Sint/S0 < ξ < 1 JF GSPN GVMM UP POMZ QBSUJBM DPOWFS
TJPO PG UIF TVCTUSBUF BWBJMBCMF UP UIF FO[ZNF ɨJT EFTDSJQUJPO JT JO BDDPSEBODF XJUI UIF EBUB
TIPXO JO 'JHVSF ǭǯ XIFSF UIF EFHSFF PG SFNBJOJOH TVCTUSBUF JT EJNJOJTIFE BT UIF FO[ZNF DPO
DFOUSBUJPO JT JODSFBTFE 	'JHVSF ǭǯ"#
 BOE JODSFBTFE XIFO UIF SBUF PG IZESPMZTJT 	HPWFSOFE CZ
kcat/kM 
 JT EFDSFBTFE JF CZ TIJFMEJOH CZ JODSFBTFE BNPVOU PG 1&( PO UIF MJQPTPNBM TVSGBDF
	'JHVSF ǭǯ"#
 PS DIBOHF JO DIBSHF 	'JHVSF ǭǯ$
 " GVMM WBMJEBUJPO PG UIF QSPQPTFE NPEFM JT
CFZPOE UIF TDPQF PG UIF QSFTFOU XPSL BOE UIF NPEFMJOH PG UIF FO[ZNF BVUPDBUBMZTJT JT NFSFMZ
JODMVEFE UP TIPX IPX UIJT QSPDFTT NJHIU JOìVFODF UIF LJOFUJDT )PXFWFS UP QSPWF UIBU UIF BV
UPDBUBMZUJD SFBDUJPO SFTVMUT JO BO TUBHOBUJPO PG QFQUJEF IZESPMZTJT JO UIF FYQFSJNFOUT XF BEEFE
BEEJUJPOBM FO[ZNF BGUFS UIF IZESPMZTJT DFBTFE BOE XFSF BCMF UP TIPX UIBU JU JT UIF MBDL PG FO
[ZNF BDUJWJUZ EVF UP TFMGEFHSBEBUJPO UIBU SFTVMUT JO UIF SFMBUJWFMZ MPX PWFSBMM IZESPMZTJT PG UIF
NFNCSBOF CPVOE QFQUJEF 	TFF 'JHVSF ǭǱ

'PS UIF SFNBJOJOH BOBMZTJT PG UIF ..1Ǭ MJQPQFQUJEF IZESPMZTJT XF XJMM GPDVT PO UIF JOJ
UJBM WFMPDJUZ TJODF OP PS MJUUMF FO[ZNF IBT CFFO EFHSBEFE BU UIJT QPJOU *OWFTUJHBUJOH UIF JOJUJBM
WFMPDJUZ JOTUFBE PG UIF PWFSBMM IZESPMZTJT PG UIF MJQPQFQUJEF TIPVME CF B WJBCMF NFUIPE GPS BT
TFTTJOH UIF VTF PG ..1Ǭ USJHHFSFE ESVH EFMJWFSZ TZTUFNT EVF UP UIF DPOUJOVPVT TFDSFUJPO BOE
BDUJWBUJPO PG QSP..1Ǭ JO WJWP BT QBSU PG UVNPVS HSPXUI <ǫǭǱ>ɨFTF EBUB BSF BOBMZTFE VT
JOH FRVBUJPO 	ǭǭ
 BT BO FNQJSJDBM ëUUJOH FRVBUJPO VTFE GPS DPNQVUJOH UIF JOJUJBM WFMPDJUJFT CZ
BQQMZJOH FRVBUJPO 	ǭǮ

ɨF FêFDU PG %41&1&(2000 PO UIF FO[ZNF BDUJWJUZ PG ǫǲ O. BOE ǯǰ O...1Ǭ JT TIPXO
JO 'JHVSF ǭǯ"# "T GPS UIFSNPMZTJO UIF JOIJCJUJPO PG UIF FO[ZNF BDUJWJUZ JODSFBTFE XJUI BO
Ǭǫ
ǭ &þĊĉýõ "óĄùĆùĄĉ 4Ąąôùõă
JODSFBTJOH BNPVOU PG %41&1&(2000 CVU POMZ ǫǪ NPMǝ %41&1&(2000 TIPXFE IJHI JOIJ
CJUJPO PG ..1Ǭ BDUJWJUZ DPNQBSFE UP Ǫ BOE ǯ NPMǝ %41&1&(2000 4JNJMBS UP UIFSNPMZTJO
UIJT SFEVDUJPO JO ..1Ǭ BDUJWJUZ DPVME CF EVF UP B TUFSJD PS FMFDUSPTUBUJD FêFDU XIJDI MFE VT
UP JOWFTUJHBUF IPX ..1Ǭ XBT BêFDUFE CZ UIF TVSGBDF DIBSHF PG MJQPTPNFT
6OMJLF UIFSNPMZTJO UIF TVSGBDF DIBSHF IBE BO FêFDU PO UIF BDUJWJUZ PG ǯǰ O...1Ǭ XIFSF
UIF JOJUJBM WFMPDJUZ GPS MJQPTPNFT DPOUBJOJOH ǯǝ %05"1 BOE QVSF 101$ XFSF IJHIFS UIBO GPS
101( BT TIPXO JO 'JHVSF ǭǮ# ɨF TVSGBDF DIBSHF PG MJQPTPNFT XJMM JOEVDF B DIBOHF JO UIF
TVSGBDF Q) PG MJQPTPNFT BOE UIJT ΔQ) XBT DBMDVMBUFE VTJOH UIF BQQSPBDI CZ ;VJEBN BOE
#BSFOIPM[ <ǫǭǰ> ɨF TVSGBDF Q) GPS MJQPTPNFT DPOUBJOJOH %05"1 BOE 101( XBT FTUJNBUFE
UP Ǳǰǯ BOE Ǳǫǯ SFTQFDUJWFMZ XIJDI TIPVME MPXFS UIF FO[ZNF BDUJWJUZ PG ..1Ǭ JO CPUI DBTFT
TJODF UIF SFQPSUFE PQUJNVN JT Q) ǱǮ BU ǭǱ◦$ <ǫǭǭ ǫǭǲ> ɨF GBDU UIBU UIF FO[ZNF BDUJWJUZ
JT OPU IJHIFTU PO UIF TVSGBDF PG OFVUSBMMZ DIBSHFE MJQPTPNFT BU Q) ǱǮ JOEJDBUFT UIBU UIF EJG
GFSFODF JO ..1Ǭ BDUJWJUZ GPS DIBSHFE MJQPTPNFT JT OPU EVF UP UIF EJêFSFODF JO TVSGBDF Q)
ɨF PCTFSWFE EJêFSFODF JO QSPUFBTF BDUJWJUZ NJHIU CF EVF UP FMFDUSPTUBUJD PSJFOUBUJPO PG ..1
Ǭ BU UIF TVSGBDF PG B DIBSHFE QBSUJDMF BT EFTDSJCFE GPS ..1Ǳ CZ (BOHVMZ FU BM <ǫǭǳ> ɨVT
UIF PCTFSWFE JOIJCJUJPO PG FO[ZNF BDUJWJUZ PO UIF TVSGBDF PG MJQPTPNFT DPOUBJOJOH ǫǪ NPMǝ
%41&1&(2000 NBZ CF EVF UP B DPNCJOBUJPO PG TUFSJD IJOESBODF FMFDUSPTUBUJD SFQVMTJPO BOE
PSJFOUBUJPO PG ..1Ǭ
čď 1SPUFBTF BDUJWJUZ PG ..1Č JO UIF QSFTFODF PG #4"
4JODF CMPPE QMBTNB QSPUFJOT BETPSCT UP OBOPQBSUJDMFT BGUFS JW JOKFDUJPO XF JOWFTUJHBUFE IPX
UIF QSFTFODF PG ǫǪǝ 	XX
 #4" BêFDUFE UIF FO[ZNF BDUJWJUZ PG ǯǰ O. ..1Ǭ 8F QSFQBSFE
MJQPTPNFT DPOUBJOJOH Ǫ ǯ BOE ǫǪ NPMǝ%41&1&(2000 BOE BEEFE ǫǪǝ #4" UP UIF MJQPTPNFT
BMMPXJOH UIF QSPUFJO UP BETPSC UP UIF MJQPTPNFT GPS ǫI CFGPSF BEEJOH BDUJWBUFE ..1Ǭ #4"
XBT VTFE UP TJNVMBUF UIF QSFTFODF PG CMPPE QMBTNB QSPUFJOT )PXFWFS OP TJHOJëDBOU DIBOHF
XBT PCTFSWFE GPS UIF SFMBUJWF JOJUJBM WFMPDJUJFT XIFO #4" XBT QSFTFOU 	'JHVSF ǭǲ#$

*O UIF DBTF PG Ǫ BOE ǯ NPMǝ 1&( PO UIF TVSGBDF PG UIF MJQPTPNF CPUI #4" BOE ..1Ǭ
IBWF SFBEJMZ BDDFTT UP UIF TVSGBDF BOE POMZ B QSPUFJO DSPXEJOH FêFDU <ǫǮǪ> TIPVME CF BCMF UP
EFDSFBTF UIF QSPUFBTF BDUJWJUZ 8JUI ǫǪ NPMǝ 1&( BEPQUJOH B CSVTIMJLF TUSVDUVSF CPUI #4"
BOE ..1Ǭ TIPVME IBWF XFBL JOUFSBDUJPOT XJUI UIF 1&( MBZFS <ǫǮǫ ǫǮǬ> TJODF CPUI QSPUFJOT
IBWF TJNJMBS TJ[F BOE JTPFMFDUSJD QPJOUT <ǫǮǭ ǫǮǮ> ɨFTF SFTVMUT JOEJDBUF UIBU UIF QSFTFODF PG
#4" JT BCMF UP TMJHIUMZ JOIJCJU UIF ..1Ǭ BDUJWJUZ XIJDI NBZ CF FYQMBJOFE CZ UIF DSPXEJOH
FêFDU ɨJT JOIJCJUJPO JT MJLFMZ NPSF EPNJOBOU JO PVS TFUVQ UIBO JO WJWP EVF UP UIF DPOTUBOU
TFDSFUJPO PG QSP..1Ǭ GSPN UIF UVNPVS 'JOBMMZ XF USJFE UP TUVEZ UIF FêFDU PG IVNBO TFSVN
PO ..1Ǭ BDUJWJUZ CVU OP GPSNBUJPO PG QSPEVDU DPVME CF EFUFDUFE QPTTJCMZ EVF UP ..1
JOIJCJUPST QSFTFOU JO UIF TFSVN <ǫǮǯ> BOEPS UIF QSFTFODF PG PUIFS ..1Ǭ TVCTUSBUFT
čĖ $PODMVEJOH SFNBSLT
7BSJPVT TVSGBDF NPEJëDBUJPOT BOE UIFJS FêFDU PO UIF FO[ZNBUJD BDUJWJUZ PG ..1Ǭ BOE UIF
NPEFM FO[ZNF UIFSNPMZTJO XFSF JOWFTUJHBUFE ɨF SFTVMUT QSFTFOUFE JO UIJT DIBQUFS TIPX UIBU
UIF ..1Ǭ BDUJWJUZ JT BêFDUFE CZ UIF DIBSHF BOE 1&( EFOTJUZ PO UIF TVSGBDF PG MJQPTPNFTɨJT
ǬǬ
ǭǯ $PODMVEJOH SFNBSLT
TVHHFTUT UIBU ..1Ǭ BOE QPTTJCMZ PUIFS NFNCFST PG UIF ..1 GBNJMZ DBO CF VTFE UP PCUBJO
B IJHIFS EFHSFF PG DPOUSPMMFE SFMFBTF CZ WBSJPVT TVSGBDF NPEJëDBUJPOT TVDI BT DIBSHF BOE 1&(
EFOTJUZ *U JT JNQPSUBOU UP LFFQ JONJOE UIBU VOMJLF 1-"2..1Ǭ BDUJWJUZ JT JOEFQFOEFOU PG UIF
NFNCSBOF MJQJE DPNQPTJUJPO 'VSUIFSNPSF ..1Ǭ JT BCMF UP USJHHFS MJQPTPNBM GPSNVMBUJPOT
XJUI B 1&( EFOTJUZ VQ UP ǫǪ NPMǝ XJUIPVU CFJOH TJHOJëDBOUMZ BêFDUFE CZ UIF TVSGBDF DIBSHF
ɨJT LOPXMFEHF DBO CF VUJMJTFE UP EFTJHO BO BEWBODFE SFMFBTF NFDIBOJTN UIBU GPDVT PO SFMFBTF
UIF FODBQTVMBUFE ESVH JO B QIBSNBDPEZOBNJD FïDJFOU SBUF 'VSUIFSNPSF UIF SFTVMUT TIPX UIBU
BEEJUJPO PG #4" EPFT OPU BêFDU UIF BDUJWJUZ PG ..1Ǭ TJHOJëDBOUMZ ɨJT GBDU BEET UP UIF
BEWBOUBHFT PG ..1Ǭ BT B TJUF TQFDJëD USJHHFS TJODF JU BMMPXT GPS IJHIFS DPOUSPM PG UIF SFMFBTF
SBUF BOE JT DPNQBUJCMF XJUI NPTU LOPX TVSGBDF NPEJëDBUJPOT
Ǭǭ
ǭ &þĊĉýõ "óĄùĆùĄĉ 4Ąąôùõă
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'JHVSF čĖǲF IZESPMZTJT PG MJQPQFQUJEF 4"1&1 CZ ..1Ė PO UIF TVSGBDF PG 101$ MJQPTPNFT JODPSQPSBUFE XJUI %41&
1&(2000 101( PS %05"1 JOTFSUJPOT JO UIF HSBQIT SFQSFTFOU UIF JOJUJBM WFMPDJUZ íU PG UIF SFQSFTFOUFE EBUB 	"
 /P
TJHOJíDBOU JOIJCJUJPO PG ďĜ O. ..1Ė XBT PCTFSWFE GPS MJQPTPNFT DPOUBJOJOH ę NPMĀ %41&1&(2000 XIJMF ďč NPMĀ
%41&1&(2000 TIPXFE TJHOJíDBOU JOIJCJUJPO PG UIF QSPUFBTF BDUJWJUZ JO DPNQBSJTPO UP MJQPTPNFT XJUIPVU 1&( 	#

*ODSFBTJOH UIF ..1Ė DPODFOUSBUJPO UP ęĚ O. EJE OPU TJHOJíDBOUMZ DIBOHF UIF FìFDU PG %41&1&(2000 DPNQBSFE UP
BO ..1Ė DPODFOUSBUJPO PG ďĜ O. BOE POMZ B IJHIFS EFHSFF PG DPOWFSTJPO PG UIF TVCTUSBUF XBT PCTFSWFE 	$
 $PNQBSJOH
UIF IZESPMZTJT PG 4"1&1 CZ ..1Ė 	ęĚ O.
 PO UIF TVSGBDF PG 101$ MJQPTPNFT DPOUBJOJOH ę NPMĀ 101( 	"OJPOJD

PS %05"1 	1PTJUJWF
 UP 101$ MJQPTPNFT 	/FVUSBM
 TIPXT NJOPS EFDSFBTF JO UIF FO[ZNF BDUJWJUZ PO MJQPTPNFT XJUI B
OFHBUJWF TVSGBDF DIBSHF DPNQBSFE UP QPTJUJWF BOE OFVUSBM MJQPTPNFT
ǬǮ
ǭǯ $PODMVEJOH SFNBSLT
'JHVSF čė "1." BDUJWBUJPO PG QSP..1Ė JO 53*4 CVìFS BU Q) ěĘ TIPXJOH UIF BVUPDBUBMZTJT PG UIF QSPUFBTF PWFS
UJNF "GUFS ďĖč NJOVUFT UIF BDUJWF FO[ZNF DPODFOUSBUJPO JT TJHOJíDBOUMZ SFEVDFE
S/
(S
+P
)
Time (min)
0.70
0.75
0.80
0.85
0.90
0.95
1.00
 1.05
 0  50  100  150  200  250  300  350  400  450  500
'JHVSF čĘ )ZESPMZTJT CZ ..1Ė PG UIF MJQPQFUJEF 4"1&1 JO 101$ MJQPTPNFT *U JT FWJEFOU UIBU UIF TFMGIZESPMZTJT PG
UIF FO[ZNF DBVTFT UIF IZESPMZTJT UP TUPQ CFGPSF GVMM DPOWFSTJPO JT BDIJFWFE "EEJUJPO PG NPSF ..1Ė BGUFS ĖĘč NJO SFTVMUFE
JO B DPOUJOVBODF JO IZESPMZTJT PG UIF TVCTUSBUF
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'JHVSF čę )ZESPMZTJT PG UIF MJQPQFQUJEF 4"1&1 JO UIF QSFTFODF PG #4" ǲF QSFTFODF PG ďčĀ #4" TIPXFE B TMJHIU
JOIJCJUJPO PG UIF FO[ZNF BDUJWJUZ PG ęĚ O. ..1Ė BOE B NJOPS EFDSFBTF JO UIF JOJUJBM WFMPDJUZ GPS MJQPTPNFT DPOUBJOJOH
č ę PS ďč NPMĀ %41&1&(2000
Ǭǯ

Chapter4
-JQJE %FSJWBUF $IBSBDUFSJTBUJPO
%õTJHOJOH B OPWFM ESVH EFMJWFSZ TZTUFNT DBQBCMF PG VUJMJTJOH BEWBODFE UBSHFUJOH BOE BDUJWFSFMFBTF NFDIBOJTNT SFRVJSFT B SBUJPOBM BQQSPBDI 8IFO JODPSQPSBUJOH UIF DIPTFO GVOD
UJPOBMJUJFT JO B ESVH EFMJWFSZ TZTUFN BOE JOWFTUJHBUJOH UIFJS FêFDU JO WJUSP BOE JO WJWP JU JT FRVBMMZ
JNQPSUBOU UP TUVEZ IPX UIFTF GVODUJPOBMJUJFT FêFDU UIF TZTUFN JUTFMG 3FNPWBM PG 1&( CZ FO[Z
NBUJD BDUJWJUZ DBO CF VTFE UP JOUSPEVDF NPSQIPMPHJDBM DIBOHFT UP UIF TZTUFN EFQFOEJOH PO UIF
NFNCSBOF DPNQPTJUJPO BOE JT B WJUBM TUFQ GPS VUJMJTJOH BEWBODFE SFMFBTF TUSBUFHJFT <ǫǫǲ ǫǮǰ>
'VSUIFSNPSF EF1&(ZMBUJPO DBO CF VUJMJTFE GPS VONBTLJOH TVSGBDF GVODUJPOBMJUJFT JO PSEFS UP
BDIJFWF B IJHIFS EFHSFF PG DPOUSPMMFE SFMFBTF GSPN B MJQPTPNBM ESVH EFMJWFSZ TZTUFN <Ǳǲ ǫǮǱ>
5P GVSUIFS VOEFSTUBOE UIF FêFDU PG EF1&(ZMBUJPO PO WBSJPVT NFNCSBOFT UISFF DPNQPVOET
%-11%.11 BOE%111 	JMMVTUSBUFE JO 'JHVSF Ǯǫ
 XFSF TZOUIFTJTFE BOE DIBSBDUFSJTFE)BWJOH
JO NJOE UIF EJêFSFOU MFOHUIT PG UIF EJTBUVSBUFE MJQJE BODIPST PG UIF UISFF DPNQPVOET UIF
GPMMPXJOH BTQFDUT XFSF TUVEJFE
t ɨF DPSSFMBUJPO PG UIF EJêFSFOU MFOHUIT PG UIF MJQJE BODIPST BOE UIFJS DSJUJDBM NJDFMMF
DPODFOUSBUJPO 	$.$

t .JHSBUJPO PG %-11 %.11 BOE %111 GSPN B 101$ UP B %11$ NFNCSBOF
t ɨF QBSUJUJPOJOH PG UIF UISFF DPNQPVOET CFUXFFO B 101$ NFNCSBOF BOE UIF BRVFPVT
QIBTF
t ɨF DPSSFMBUJPO PG MJQJE BODIPS MFOHUI UP UIF DIBOHFT PG UIF CJPQIZTJDBM QSPQFSUJFT PG UIF
NFNCSBOF JODMVEJOH NFNCSBOF TUBCJMJUZ VQPO FO[ZNBUJD SFNPWBM PG UIF 1&( NPJFUZ
%-11%.11 BOE%111XFSF TZOUIFTJTFE JO PVS MBCPSBUPSZ VTJOH TPMFMZ TPMJE QIBTF TZOUIFTJT
	TFF DIBQUFS Ǳ
 NBLJOH JU FBTJFS UP BDIJFWF UIF EFTJSFE DPOKVHBUJPO PG MJQJE BODIPS XJUI QSPUFBTF
TFOTJUJWF MJOLFS BOE 1&( UIBO XJUI NFUIPET QSFWJPVTMZ SFQPSUFE <ǫǫǮ ǫǫǲ>
ɨF OBUVSF PG UIF BNQIJQIJMJD MJQJE BODIPS 	TBUVSBUFE VOTBUVSBUFE PS B NJYUVSF
 OPU POMZ
BêFDUT UIF DSJUJDBM BHHSFHBUJPO DPODFOUSBUJPO 	$"$
 CVU BMTP UIF UZQF PG TVQSBNPMFDVMBS BH
HSFHBUFT UIF BNQIJQIJMFT GPSN CZ UIFNTFMWFT 1IPTQIPMJQJET GPSNJOH MBNFMMBS WFTJDMFT IBWF B
QBDLJOH QBSBNFUFS 	11
 CFUXFFO ǪǱǮ BOE ǫ XIFSF UIF 11 JT EFëOFE BT 11  V /a × l V
ǬǱ
Ǯ -ùĀùô %õĂùĆñĄõ $øñĂñóĄõĂùăñĄùÿþ
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'JHVSF ďĊ *MMVTUSBUJPO PG UIF TZOUIFTJTFE DPNQPVOET %-11 %.11 BOE %111 ǲF DMFBWBHF TJUF PG UIF QFQUJEF TFRVFODF
JT CFUXFFO 4FS BOE -FV GPS ..1Ė BOE UIFSNPMZTJO ǲF DPNQPVOET XFSF TZOUIFTJTFE JO PVS MBCPSBUPSZ VTJOH TPMFMZ TPMJE
QIBTF TZOUIFTJT 	TFF DIBQUFS ě

JT UIF IZESPDBSCPWPMVNF a JT UIF BSFB PG UIF IFBE HSPVQ BOE l JT UIF DSJUJDBM MFOHUI PG UIF
IZESPDBSCPO DIBJO <ǫǮǲ> *O BHSFFNFOU XJUI UIF EFëOJUJPO PG 11 NPTU MZTPMJQJET IBWF B 11
CFUXFFO ǫǭ BOE ǫǬ XIJMF NPTU 1$ MJQJET IBWF B 11 CFUXFFO ǫǬ BOE ǫ $IPMFTUFSPM BOE 1&
MJQJET EJêFST GSPN NPTU PUIFS MJQJET BT UIFJS 11 VTVBMMZ JT BCPWF ǫ *U JT UIFSFGPSF JNQMJFE UIBU
JOWFSUFE DPOF TIBQFE NPMFDVMFT 	11  ǫǭ  ǫǬ
 BOE DZMJESJDBM TIBQFE NPMFDVMFT BSF FTTFO
UJBM GPS GPSNJOH UIF NPTU TUBCMF MBNFMMBS WFTJDMFT 8IFO MJQJE NPMFDVMFT IBWF DPNQMJNFOUBSZ
TIBQFT UIF 11 CFDPNFT BEEJUJWF BMMPXJOH NJYUVSFT PG MJQJET UP GPSN MBNFMMBS NFNCSBOFT UIBU
BSF PUIFSXJTF OPU QPTTJCMF GPS UIF JOEJWJEVBM DPNQPOFOUT UP BEPQU <ǫǮǳǫǯǫ>
%FQFOEJOH PO UIF TUSFOHUI PG UIF IZESPQIPCJD JOUFSBDUJPO CFUXFFO MJQJET B NFNCSBOF DBO
CF JO FJUIFS B HFM QIBTF PS B MJRVJE QIBTF <ǫǯǬ> )PXFWFS UIF BEEJUJPO PG IJHI BNPVOUT PG
DIPMFTUFSPM JOUSPEVDFT B OFX QIBTF UIF MJRVJE PSEFSFE 	-0
 'VSUIFSNPSF UIF QIBTFT PG B
NFNCSBOF BSF UFNQFSBUVSF EFQFOEFOU BOE B USBOTJUJPO GSPN UIF HFM QIBTF UP UIF MJRVJE QIBTF
QIBTF DBO CF PCTFSWFE BU EJêFSFOU UFNQFSBUVSFT EFQFOEJOH PO UIF NFNCSBOF DPNQPTJUJPO
4BUVSBUFE MJQJET TVDI BT %41$ PS %11$ IBWF JO HFOFSBM TUSPOH WBO EFS 8BBMT JOUFSBDUJPOT
BOE UIF QIBTF USBOTJUJPO GSPN HFM UP MJRVJE QIBTF DBO CF PCTFSWFE IJHI BCPWF SPPN UFNQFSBUVSF
XIJMF VOTBUVSBUFE MJQJET TVDI BT 101$PS%01$IBWF XFBL WBO EFS8BBMT JOUFSBDUJPO SFTVMUJOH
JO B QIBTF USBOTJUJPO GBS CFMPX SPPN UFNQFSBUVSF
ɨF QIBTF USBOTJUJPO BOE TUBCJMJUZ PG UIF MJQPTPNBM NFNCSBOF BSF JNQPSUBOU JO SFMBUJPO UP
UIFJS BCJMJUZ UP SFUBJO UIF FODBQTVMBUFE ESVH )PXFWFS EFQFOEJOH PO UIF DIBSHF TJ[F BOE TUB
CJMJUZ PG UIF FODBQTVMBUFE ESVHT UIF SFRVJSFNFOUT GPS UIF NFNCSBOF UP TFSWF BT B EJêVTJPO
CBSSJFS EJêFST *U IBT QSFWJPVTMZ CFFO SFQPSUFE UIBU NFNCSBOFT JO UIF HFM QIBTF BSF FYDFMMFOU
BU SFUBJOJOH BOUJDBODFS ESVHT <ǫǬǯ ǫǯǭ> XIJMF MJRVJE NFNCSBOFT IBWF CFFO SFQPSUFE UP MFBL
ìVPSFTDFOU QSPCFT <ǯǰ> ɨF BEEJUJPO PG DIPMFTUFSPM UP HFM NFNCSBOFT GVSUIFS JNQSPWFT UIF
SFUFOUJPO PG FODBQTVMBUFE ESVHT <ǫǯǮ ǫǯǯ> ɨF QIZTJDBM QSPQFSUJFT PG B NFNCSBOF BSF OPU
POMZ JNQPSUBOU XIFO SFUBJOJOH B ESVH CVU BMTP XIFO EFTJHOJOH B SFMFBTF NFDIBOJTN 4UBCMF
NFNCSBOFT DPOTJTUJOH PG TBUVSBUFE MJQJET BOE DIPMFTUFSPM BSF MFTT MJLFMZ UP CF SFOEFSFE VOTUB
Ǭǲ
Ǯǫ $SJUJDBM NJDFMMF DPODFOUSBUJPO
CMF VOMJLF NFNCSBOFT NBEF PG VOTBUVSBUFE MJQJET PS B NJY XIJDI BMMPXT NFNCSBOF GVTJPO
BOE NPSQIPMPHJDBM USBOTJUJPOT 'VTJPO CFUXFFO NFNCSBOFT JT IPXFWFS B WFSZ DPNQMFY QSP
DFTT UIBU JOWPMWFT NBOZ GBDUPST JODMVEJOH NFEJBUJOH NFNCSBOF DPOUBDU <ǱǬǱǮ> BOE UIF TJ[F
PG UIF MJQJET IFBEHSPVQ <ǰǳǱǫ> .FNCSBOF GVTJPO JT POF PG UIF NPTU XJEFMZ VTFE TUSBUFHJFT
GPS FOEPTPNBM FTDBQF EFTQJUF UIF DPNQMFYJUZ PG UIF QSPDFTT ɨJT NJHIU CF UIF SFBTPO XIZ
SFTFBSDIFST IBWF EJïDVMUJFT JO QSPWJEJOH EBUB UIBU DMFBSMZ JMMVTUSBUF FïDJFOU FOEPTPNBM FTDBQF
EVF UP UIF JODPSQPSBUFE USJHHFS NFDIBOJTN
%FTJHOJOH B OPWFM MJQPTPNBM ESVH EFMJWFSZ TZTUFN VUJMJTJOH FO[ZNBUJD USJHHFSFE SFMFBTF SF
RVJSFT UIF VOEFSTUBOEJOH PG BMM UIF CJPQIZTJDBM QSPQFSUJFT PG UIF NFNCSBOF EFTDSJCFE BCPWF
ɨFSFGPSF JU JT JNQFSBUJWF UP IBWF BO VOEFSTUBOEJOH PG IPX UIF UIF QIZTJDBM QSPQFSUJFT PG B
NFNCSBOF BOE IPX UIF WBSJPVT DPOUSJCVUJPOT PG FBDI DPNQPOFOU JO UIF NFNCSBOF BSF BG
GFDUFE CZ UIF FO[ZNBUJD USJHHFS
ďĊ $SJUJDBM NJDFMMF DPODFOUSBUJPO
ɨF $.$ WBMVF PG %-11 %.11 BOE %111 DBO CF VTFE BT QSFMJNJOBSZ JOEJDBUPST PG IPX
TUSPOHMZ %-11 %.11 BOE %111 DBO CF BODIPSFE JO WBSJPVT NFNCSBOFT 'VSUIFSNPSF $.$
BOE QBSUJUJPOJOH CFDPNFT JNQPSUBOU GPS PQUJNJTBUJPO PG QPTUJOTFSUJPO TDIFNFT XIJDI DBO CF
VTFE UP QSPEVDF B NFNCSBOF XJUI USBOT CJMBZFS BTZNNFUSZ PS CZ VTJOH B MPXFS DPODFOUSBUJPO PG
UIF DPNQPVOE JOUSPEVDJOH UIF TVSGBDF GVODUJPOBMJTBUJPO <ǫǯǰǫǯǲ>ɨF $.$ WBMVF PG %-11
%.11 %111 BOE %41&1&(2000 XBT EFUFSNJOFE VTJOH UIF NFUIPE EFTDSJCFE CZ 8JMIFMN
FU BM <ǫǯǳ> BT B QBSU PG DIBSBDUFSJTJOH UIF DPNQPVOET ɨF FYDJUBUJPO TQFDUSVN PG QZSFOF XBT
NFBTVSFE BU EJêFSFOU DPODFOUSBUJPOT PG %-11 %.11 %111 PS %41&1&(2000 DPOUBJOJOH
Ǫǰμ. QZSFOF 	TFF QBHF ǯǳ
 " SFETIJGU JO UIF 	ǪǪ
 CBOE BU ǭǭǪǭǮǪ ON XBT PCTFSWFE BT
UIF DPODFOUSBUJPO PG UIF 1&(MJQJE XBT JODSFBTFE BOE QZSFOF QBSUJUJPOFE CFUXFFO UIF BRVFPVT
BOE NJDFMMBS FOWJSPONFOU 	TFF 'JHVSF ǭ TVQQMFNFOUBSZ JOGPSNBUJPO DIBQUFS Ǳ
ɨF OPSNBMJTFE
JOUFOTJUZ SBUJP PGR = I339/I333 BT B GVODUJPO PG UIF MPHBSJUINJD DPODFOUSBUJPO 	MPH $
 CBTFE
PO UIF QZSFOF FYDJUBUJPO TQFDUSB PCUBJOFE GPS FBDI DPNQPVOE BSF TIPXO JO 'JHVSF ǮǬ ɨF
XBWFMFOHUIT λ = 333 BOE λ = 339 DPSSFTQPOE UP UIF QPTJUJPO PG UIF NBYJNB PG UIF 	ǪǪ

CBOE CFGPSF BOE BGUFS DPNQMFUF QBSUJUJPOJOH PG QZSFOF JOUP UIF NJDFMMBS DPSF ɨF DBMDVMBUFE
$.$ WBMVF BOE UIF QBSUJUJPOJOH DPOTUBOUT PG QZSFOF 	,pyrene
 JOUP UIF NJDFMMBS FOWJSPONFOUT
PG %-11 %.11 %111 BOE %41&1&(2000 BSF MJTUFE JO UBCMF Ǯǫ
$.$ WBMVF 	μ.
 ,pyrene 	μ.

%-11 Ǫǫ ǫǱ
%.11 ǪǱ ǮǮ
%111 Ǫǭ ǭǬ
%41&1&(2000 ǪǮ ǲǰ
5BCMF ďĊ $.$ WBMVF PG %-11 %.11 %111 BOE %41&1&(2000 BOE UIF QBSUJUJPOJOH DPOTUBOU 	,pyrene
 PG
QZSFOF GPS FBDI DPNQPVOE
ɨF $.$ WBMVF GPS BMM UIF DPNQPVOET BSF JO UIF SBOHF ǪǫǪǱμ. 8IJMF UIF SFTVMU GPS
%41&1&(2000 JT JO BDDPSEBODF XJUI UIF MJUFSBUVSF <ǫǰǪ> JU JT TPNFXIBU TVSQSJTJOH UIBU %-11
Ǭǳ
Ǯ -ùĀùô %õĂùĆñĄõ $øñĂñóĄõĂùăñĄùÿþ
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'JHVSF ďČǲF OPSNBMJTFE JOUFOTJUZ SBUJP I333I339 WT MPH $ GPS %-11 %.11 %111 BOE %41&1&(2000 GSPN UIF
QZSFOF FYDJUBUJPO TQFDUSB BU ėĜĘON &BDI QPJOU JT BO BWFSBHF PG USJQMJDBUFT XJUI UIF TUBOEBSE FSSPS SFQSFTFOUFE CZ UIF FSSPS
CBST ǲF MJOFT SFQSFTFOUT UIF EBUB íUUJOH PG UIF NFBTVSFNFOUT GPS FBDI DPNQPVOE
%.11 BOE %111 IBWF TJNJMBS $.$ WBMVFT FTQFDJBMMZ DPOTJEFSJOH UIF EJêFSFODF PG Ǯ DBSCPO
BUPNT JO UIF DIBJO MFOHUIT PG UIF MBVSPZM BOE QBMNJUPZM DIBJOT *O GBDU JU JT XFMM LOPX UIBU
%41&1&(2000 BOE %11&1&(2000 IBWF EJêFSFOU $.$ <ǫǰǫ> BOE UIVT DPOTJEFSJOH UIF
EJêFSFODF JO UIF MJQJE DIBJOT JU DPVME CF FYQFDUFE UIBU %-11  %.11  %111 JO SFTQFDU
UP $.$ )PXFWFS 8JMIFMN FU BM <ǫǯǳ> EFTDSJCFT IPX UIF DPODFOUSBUJPO PG QZSFOF NJHIU JO
UFSGFSF XJUI UIF PCTFSWFE $.$ 'PS DPNQPVOET XJUI B MPX $.$ B MJNJUFE IZESPQIPCJD
FOWJSPONFOU XJMM CF QSFTFOU GPS QZSFOF UP QBSUJUJPO JOUP XIFO NJDFMMFT TUBSU UP GPSN *G UIF
DPODFOUSBUJPO PG UIF QZSFOF JT UPP IJHI DPNQBSFE UP UIF $.$ GPS UIF DPNQPVOE JOWFTUJHBUFE
BO JOTJHOJëDBOU BNPVOU PG QZSFOF XJMM QBSUJUJPO JOUP UIF IZESPQIPCJD NJDFMMBS DPSF BOE UIF
DIBOHF JO UIF FYDJUBUJPO PG QZSFOF XJMM GBJM UP BQQFBS 0OMZ BU B DPODFOUSBUJPO BCPWF UIF $.$
XJMM UIFSF CF FOPVHI NJDFMMFT GPS UIF QZSFOF UP QBSUJUJPO JOUP TVDI UIBU B DIBOHF JO UIF FYDJ
UBUJPO TQFDUSVN PG QZSFOF DBO CF PCTFSWFE ɨFSFGPSF JU JT JNQPSUBOU UP PQUJNJTF UIF QZSFOF
DPODFOUSBUJPO XJUIJO UIF SBOHF PG TVTQFDUFE $.$T GPS UIF DPNQPVOET UP CF JOWFTUJHBUFE XIJMF
TUJMM NBJOUBJOJOH B QSPQFS ìVPSFTDFODF TJHOBM PG QZSFOF
#BTFE PO UIF $.$ TUVEJFT JU JT TBGF UP BTTVNF UIBU UIF VQQFS MJNJU GPS UIF $.$ PG %-11
%.11 BOE %111 BSF ǫμ. BOE NPTU MJLFMZ MPXFS ɨF UISFF TZOUIFTJTFE DPNQPVOET TIPVME
UIFSFGPSF CF FRVBMMZ TVJUBCMF GPS JODPSQPSBUJPO JOUP B MJQPTPNBM ESVH EFMJWFSZ TZTUFN BT %41&
1&(2000 &WFO UIPVHI %-11 %.11 BOE %111 IBWF TJNJMBS $.$ B EJêFSFODF CFUXFFO
UIF UISFF MJQPQFQUJEFT BSF PCTFSWFE JO 'JHVSF ǮǬ " EJTQMBDFNFOU PG UIF QMPU GPS UIF UISFF
MJQPQFQUJEFT DPNQBSFE UP %41&1&(2000 UP UIF SJHIU EFSJWFT GSPN UIF TNBMM EJêFSFODF JO
UIF QBSUJUJPOJOH DPOTUBOU PG QZSFOF TVHHFTUJOH TNBMM EJêFSFODFT JO UIF NPMFDVMBS QBDLJOH PG
UIF NJDFMMFT
*U IBT CFFO TIPXO GPS B SBOHF PG EFUFSHFOUT FH MZTPMJQJET BOE GBUUZ BDJET UIBU UIFJS $.$
WBMVFT BSF SPVHIMZ JOWFSTFMZ QSPQPSUJPOBM UP UIF QBSUJUJPO PG MZTPMJQJET BOE GBUUZ BDJET JOUP B
NFNCSBOF <ǳǰ> ɨF NPMFDVMBS TIBQF PG MZTPMJQJET BOE GBUUZ BDJET SFTFNCMFT UIBU PG %41&
1&(2000 %-11 %.11 BOE %111 	JOWFSUFE DPOF 11≈ ǫǭ  ǫǬ
 <ǫǮǲ> 6TJOH UIJT BOBMPHZ
ǭǪ
ǮǬ .FNCSBOF NJHSBUJPO
JU DBO CF BTTVNFE UIBU %-11 %.11 BOE %111 IBWF B IJHI QBSUJUJPO JOUP NFNCSBOFT CBTFE
PO UIFJS MPX $.$ WBMVF " IJHI QBSUJUJPOJOH JT BEWBOUBHFPVT XIFO VUJMJTJOH UIF QPTUJOTFSUJPO
NFUIPE GPS BEEJOH GVODUJPOBMJTFE NPMFDVMFT UP UIF PVUFS CJMBZFS PG QSFGPSNFE MJQPTPNFT <ǫǯǰ
ǫǯǲ> 1PTUJOTFSUJPO PG B NPMFDVMF 	VTVBMMZ B 1&(MJQJE XJUI PS XJUIPVU B UBSHFUJOH MJHBOE
BU UIF UFSNJOJ PG UIF 1&(
 JT DPOEVDUFE CZ NJYJOH UIF QSFGPSNFE MJQPTPNFT XJUI B NJDFMMBS
TVTQFOTJPO PG UIF NPMFDVMF GPS JOTFSUJPO )FBUJOH UIF NJYUVSF XJMM VTVBMMZ QVTI UIF FRVJMJCSJVN
PG UIF NJDFMMFT UPXBSET NPOPNFST FOBCMJOH UIF QBSUJUJPOJOH PG UIF NPOPNFST JOUP UIF UBSHFU
NFNCSBOF <ǫǰǬ> ɨJT QSPDFEVSF SFRVJSFT UIF UBSHFU NFNCSBOF UP CF WFSZ TUBCJMF BT OPU UP
EJTSVQU UIF DPNQPTJUJPO PS HSBEJFOUT EVSJOH IFBUJOH XIJDI DPVME DPOUSJCVUF UP UIF MFBLBHF PG
UIF FODBQTVMBUFE ESVH *O QSBDUJDF UIJT MJNJUT UIF BQQMJDBCJMJUZ PG UIF NFUIPE UP CFJOH VTFGVM
GPS TUFBMUIMJLF MJQPTPNFT NFNCSBOFT PG EJTBUVSBUFE MJQJET XJUI B IJHI BNPVOU PG DIPMFTUFSPM
'VSUIFSNPSF UIF $.$ PG UIF NPMFDVMF TIPVME OPU CF UPP MPX BT JU NJHIU CF DIBMMFOHJOH UP
USBOTGFS IJHI BNPVOU PG DPNQPVOET UP UIF UBSHFU NFNCSBOF <ǫǯǰ>
ďČ .FNCSBOF NJHSBUJPO
'PS DPNQPVOET BEEJOH B GVODUJPOBMJUZ UP B MJQPTPNBM ESVH EFMJWFSZ TZTUFN B TUSPOH NFNCSBOF
BODIPSJOH JT OFFEFE UP BWPJE QBSUJUJPOJOH CZ EJMVUJPO 	FH JW JOKFDUJPO
 PS NJHSBUJPO GSPN UIF
IPTU NFNCSBOF UP PUIFS NFNCSBOFT 	FH DFMM NFNCSBOFT PG UIF UBSHFU UJTTVF
 6TVBMMZ B TUSPOH
BODIPSJOH JT PCUBJOFE CZ NBUDIJOH UIF MJQJE BODIPS BOE IFBEHSPVQ PG UIF DPNQPOFOUT JO UIF
NFNCSBOF <ǫǰǭ> ɨJT BQQSPBDI IPXFWFS JT OPU QPTTJCMF GPS %-11 %.11 BOE %111 TJODF
UIFZ BSF TZOUIFTJTFE VTJOH TPMFMZ TPMJE QIBTF TZOUIFTJT 'VSUIFSNPSF UIF TZOUIFTJTFE MJQPQFQ
UJEFT WBSZ GSPN OBUVSBM QIPTQIPMJQJET CZ IBWJOH TVCTUJUVUFE UIF HMZDFSPM CBDLCPOF XJUI UIF
%BQ NPJFUZ 	NBSLFE XJUI HSFZ JO 'JHVSF Ǯǫ
 BOE IBWJOH MBSHFS IFBEHSPVQT DPOTJTUJOH PG UIF
OPU FBTJMZ EFëOFE QFQUJEF NPJFUZ
%JêFSFOUJBM TDBOOJOH DBMPSJNFUSZ 	%4$
 TUVEJFT XFSF DPOEVDUFE UP JOWFTUJHBUF UIF NJHSBUJPO
PG %-11 %.11 BOE %111 GSPN B 101$ NFNCSBOF UP B %11$ NFNCSBOF <ǫǪǮ> CBTFE PO
UIF BTTVNQUJPO UIBU UIFSF JT B CFUUFS IZESPQIPCJD JOUFSBDUJPO CFUXFFO UIF TBUVSBUFE MJQJE DIBJOT
PG UIF 1&(QFQUJEFMJQJET BOE %11$ DPNQBSFE UP 101$ɨF%4$NFBTVSFNFOUT XFSF NBEF
PG UXP TVDDFFEJOH TDBOT SFDPSEFE GSPN ǬǪ UP ǰǯ◦$ BOE CBDL 	 UP DPOëSN B SFWFSTJCMF QSPDFTT

BU B TDBO SBUF PG ǪǬ◦$NJO 0OMZ UIF VQTDBOT GSPN ǬǪ UP ǰǯ◦$ BSF QSPWJEFE JO UIJT UIFTJT
TJODF BMM NFBTVSFNFOUT DMFBSMZ JOEJDBUFE UIF JOWFTUJHBUFE QSPDFTTFT XFSF CF SFWFSTJCMF
'VSUIFSNPSF UIF JOEJWJEVBM MJQPQFQUJEF BOE %11&1&(2000 FêFDU PO UIF QSF BOE NBJO
QIBTF USBOTJUJPO PG NVMUJ MBNFMMBS WFTJDMFT 	.-7T
 PG %11$ XFSF JOWFTUJHBUFEɨF NPMBS NFMU
JOH FOUIBMQZ 	ΔHm
 NBJO QIBTF USBOTJUJPO UFNQFSBUVSF 	Tm
 BOE EJêFSFODF JO UFNQFSBUVSF
BU IBMG UIF IFJHIU PG UIF NBJOQIBTF USBOTJUJPO 	ΔT1/2
 XFSF DBMDVMBUFE GPS FBDI %4$ TDBO
	TFF TVQQMFNFOUBSZ JOGPSNBUJPO QBHF ǳǮ UBCMF ǫ
 UP FWBMVBUF UIF FêFDUT PG %-11 %.11
%111 PS %11&1&(2000 PO UIF QIBTF USBOTJUJPO PG %11$ ΔHm JT B NFBTVSFNFOUT PG UIF
DPPQFSBUJWJUZ CFUXFFO UIF MJQJET JO UIF NFNCSBOF BU UIF QIBTF USBOTJUJPO " IJHI ΔHm JO
EJDBUFT TUSPOH IZESPQIPCJD JOUFSBDUJPOT CFUXFFO UIF IZESPQIPCJD DIBJOT PG UIF MJQJET BOE B
MPXFSJOH PG ΔHm BSSJTFT GSPN B EJTSVQUJPO PG UIFTF JOUFSBDUJPOT " DIBOHF JO Tm JOEJDBUFT
FJUIFS B JODSFBTFE TUBCJMJTBUJPO PG UIF HFM QIBTF 	Tm JODSFBTFT
 PS B TUBCJMJTBUJPO PG UIF MJRVJE
QIBTF 	Tm EFDSFBTFT
 ΔT1/2 DBO CF B CFUUFS FTUJNBUF PG UIF TNBMM DIBOHFT JO UIF USBOTJUJPO
ǭǫ
Ǯ -ùĀùô %õĂùĆñĄõ $øñĂñóĄõĂùăñĄùÿþ
QFBL TJODF ΔHm JT IJHIMZ BêFDUFE CZ UIF TZNNFUSZ PG UIF QFBL 'VSUIFSNPSF ΔT1/2 JMMVT
USBUFT UIF TIBSQOFTT PG UIF USBOTJUJPO GSPN HFM UP ìVJE QIBTF SFWFBMJOH JOGPSNBUJPO BCPVU UIF
DPPQFSBUJWJUZ PG UIF MJQJET BU UIF NBJO QIBTF USBOTJUJPO <ǫǰǮ>
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'JHVSF ďč %4$ TDBOT PG %11$ .-7T NJYFE XJUI 101$ MJQPTPNFT DPOUBJOJOH ďč NPMĀ %-11 %.11 %111 BOE
%11&1&(2000 ɨF NJYUVSFT XFSF LFQU BU Ǭǯ◦$ GPS ǬǮI CFGPSF UIF %4$ TDBO XBT DPOEVDUFE " TMJHIUMZ JODSFBTFE
DIBOHF JO UIF NBJO USBOTJUJPO PG %11$ CZ UIF 101$ MJQPTPNFT BSF PCTFSWFE CFUXFFO UIF ëSTU 	"
 BOE TFDPOE
	#
 VQTDBO
101$ MJQPTPNFT DPOUBJOJOH ǫǪ NPMǝ PG %-11 %.11 %111 PS %11&1&(2000 XFSF
NJYFE XJUI .-7T PG %11$ BOE JODVCBUFE GPS ǬǮI BU Ǭǯ◦$ BOE BOBMZTFE CZ %4$ 	'JHVSF Ǯǭ
Ǯǰ
 'SPN UIF ëSTU VQTDBO JO 'JHVSF Ǯǭ JU JT PCTFSWFE UIBU QVSF 101$ MJQPTPNFT BOE 101$
ǭǬ
ǮǬ .FNCSBOF NJHSBUJPO
MJQPTPNFT DPOUBJOJOH ǫǪ NPMǝ %-11 %.11 BOE %111 IBWF MJUUMF UP OP FêFDU PO UIF QFBL
TIBQF PG UIF QSF PS NBJO QIBTF USBOTJUJPO PG %11$ 	'JHVSF Ǯǭ"
 XIJMF 101$ MJQPTPNFT
DPOUBJOJOH ǫǪ NPMǝ %11&1&(2000 IBWF B MBSHFS FêFDU PO UIF QFBL TIBQF PG UIF NBJO QIBTF
USBOTJUJPO PG %11$ *O UIF TFDPOE VQTDBO 	'JHVSF Ǯǭ#
 B TNBMM DIBOHF JO UIF NBJO USBOTJUJPO
JT PCTFSWFE GPS BMM TBNQMFT DPNQBSFE UP UIF ëSTU VQTDBO UIPVHI UIF DIBOHF JT MBSHFS GPS TBNQMFT
DPOUBJOJOH %-11 BOE %11&1&(2000 ɨFTF SFTVMUT JOEJDBUF UIBU %-11 BOE %11&1&(2000
UP B HSFBUFS FYUFOU NJHSBUF GSPN B 101$ UP B %11$NFNCSBOF UIBO %.11 BOE %111 *O UIF
TFDPOE VQTDBO UIF QSFUSBOTJUJPO QFBL JT OP MPOHFS DMFBSMZ EFëOFE GPS BMM TBNQMFT DPOUBJOJOH
%-11 %.11 %111 PS %11&1&(2000 CVU JT OPOFUIFMFTT NFBTVSBCMF
"TTVNJOH UIF PCTFSWFE DIBOHF JO UIF QIBTF USBOTJUJPO JO UIF ëSTU VQTDBO JT DBVTFE CZ NJHSB
UJPO PG UIF MJQPQFQUJEFT GSPN UIF 101$ UP UIF %11$ NFNCSBOF UIF JODSFBTJOH DIBOHF JO UIF
TFDPOE VQTDBO DBO EFSJWF GSPN BO JODSFBTF JO UIF NJHSBUJPO PG UIF MJQPQFQUJEFT BOEPS B GVS
UIFS QFSUVSCBUJPO PG UIF %11$ NFNCSBOF GSPN UIF NJHSBUFE MJQPQFQUJEF *U JT IPXFWFS NPSF
MJLFMZ UIBU UIF JODSFBTFE DIBOHF CFUXFFO UIF ëSTU BOE TFDPOE TDBO JT EVF UP GVSUIFS NJHSBUJPO
SBUIFS UIBO BO JODSFBTFE QFSUVSCBUJPO PG UIF %11$ NFNCSBOF " GVSUIFS QFSUVSCBUJPO PG UIF
TZTUFN XPVME EJTSVQU UIF DPPQFSBUJWBUZ CFUXFFO UIF WBSJPVT CJMBZFST BOE XPVME CF FYQFDUFE UP
SFTVMU JO B MBSHFS EFDSFBTF JOΔHm SBUIFS UIBO UIF TNBMM JODSFBTF CFJOH PCTFSWFE 'VSUIFSNPSF
EFTQJUF IFBUJOH UIF TBNQMF UP ǰǯ◦$ JU JT VOMJLFMZ UIBU UIF 1&(MJQJET TIPVME USBOTGFS GSPN BO
PVUFS CJMBZFS UP BO JOOFS CJMBZFS JO UIF .-7T
*U JT OPUBCMF UIBU %11&1&(2000 IBT B IJHIFS NJHSBUJPO SBUJPIJHIFS EJTUVSCBODF PG UIF
DPPQFSBUJWBUZ JO UIF %11$ NFNCSBOF UIBO %-11 %.11 BOE %111 	TFF 'JHVSF Ǯǭ
 JO
EJDBUJOH B TUSPOHFS JOUFSBDUJPO CFUXFFO UIF 1&(QFQUJEFMJQJET BOE UIF 101$ NFNCSBOF
UIBO GPS %11&1&(2000 BOE UIF 101$ NFNCSBOF *O DPNQBSJTPO UIF TUVEJFT EPOF CZ ,BBT
HBBSE FU BM <ǫǪǮ> TIPXFE UIBU UIF QIBTF USBOTJUJPO PG %.1$ JT OPU BMUFSFE CZ NJYJOH XJUI B
%11$%11(%11&1&(2000 GPSNVMBUJPO ɨJT JOEJDBUFT UIBU %11&1&(2000 EPFT OPU NJ
HSBUF XIFO BODIPSFE JO B NPSF DPNQBUJCMF NFNCSBOF DPOTJTUJOH PG TBUVSBUFE MJQJET "TTVNJOH
%-11 %.11 BOE %111 XPVME BMTP CF TUSPOHMZ BODIPSFE JO B NFNCSBOF PG TBUVSBUFE MJQJET
UIFTF SFTVMUT TVHHFTU UIBU %-11 %.11 BOE %111 NJHIU IBWF B CSPBEFS BQQMJDBUJPO JO WBSJPVT
NFNCSBOFT DPNQBSFE UP %11&1&(2000
"NPSF EFUBJMFE BOBMZTJT PG UIFNJHSBUJPO DBO CF DPOEVDUFE CZ PCTFSWJOH 'JHVSF ǮǮ XIFSF UIF
TNBMM JODSFBTF PG UIF USBOTJUJPO UFNQFSBUVSFTm GPS BMM TBNQMFT JOEJDBUFT UIBU UIFNBJO USBOTJUJPO
QIBTF JT POMZ BêFDUFE UP B WFSZ MPX EFHSFF Tm GPS %11&1&(2000 JT TMJHIUMZ IJHIFS UIBO GPS
%-11 %.11 BOE %111 TVHHFTUJOH B TMJHIUMZ NPSF TUBCJMJTFE SJQQMF QIBTF PG %11$ ɨF
SJQQMF QIBTF DBO CF PCTFSWFE JO UIF UFNQFSBUVSF SBOHF CFUXFFO UIF QSFUSBOTJUJPO BOE UIF NBJO
USBOTJUJPO QIBTF <ǫǰǯ> " TJNJMBS DIBOHF JO UIF Tm PG %11$ IBT FBSMJFS CFFO SFQPSUFE UP BQQMZ
GPS UIF BEEJUJPO PG TNBMM BNPVOUT PG DIPMFTUFSPM <ǫǰǰ> ɨF JODSFBTF JO Tm JOEJDBUFT UIBU TNBMM
BNPVOUT PG %-11 %.11 %111 BOE %11&1&(2000 JOEVDFT B UJHIUFS QBDLJOH PG UIF %11$
MJQJET BT SFQPSUFE GPS DIPMFTUFSPM <ǫǯǮ> )PXFWFS UIF TNBMM JODSFBTF JO Tm DPVME BMTP BSJTF
GSPN B TMJHIU EFIZESBUJPO PG UIF NFNCSBOF TVSGBDF EVF UP UIF NJHSBUFE 1&(MJQJE JOEVDJOH
BO JODSFBTF JO JOUFSNPMFDVMBS CPOEJOH <ǫǰǱ> ɨF TNBMM DIBOHFT PG UIF Tm TFSWF BT B JOEJDBUJPO
UIBU %-11 %.11 BOE %111 IBSEMZ NJHSBUF UP UIF %11$ NFNCSBOF BOE GVSUIFSNPSF GPS
XIBU MJUUMF BNPVOU UIBU EPFT NJHSBUF OP TJHOJëDBOU FêFDU PO UIF QBDLJOH PG UIF %11$ MJQJET
JO UIF NFNCSBOF JT PCTFSWFE
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'JHVSF ďďǲF NFMUJOH QFBL UFNQFSBUVSF 	Tm
 GPS UIF íSTU BOE TFDPOE VQTDBO PG %11$.-7T NJYFE XJUI QVSF 101$
MJQPTPNFT BOE 101$ MJQPTPNFT DPOUBJOJOH ďč NPMĀ %-11 %.11 %111 PS %11&1&(2000
ɨF TNBMM DIBOHF JO UIF USBOTJUJPO QFBL PG %11$ IBT MJUUMF FêFDU PO UIF ΔHm GPS UIF
NJYUVSFT XJUI QVSF 101$ BOE TBNQMFT DPOUBJOJOH %-11 BOE %.11 	'JHVSF Ǯǯ
 )PXFWFS
UIF TBNQMF DPOUBJOJOH %111 IBT B MBSHFS ΔHm 	ǲǲǭ LDBMNPM
 DPNQBSFE UP %11$ 	Ǳǳǫ
LDBMNPM
 JO UIF ëSTU TDBO TVHHFTUJOH UIBU B TNBMM BNPVOU PG %111 JOEVDFT B TUBCJMJTBUJPO PG
UIF %11$ NFNCSBOF EVF UP UJHIUFS QBDLJOH PG UIF MJQJET " EFDSFBTF JO ΔHm XBT PCTFSWFE
GPS UIF TBNQMF DPOUBJOJOH %11&1&(2000 TVHHFTUJOH B EJTSVQUJPO PG UIF MJQJE QBDLJOH XIJDI
JT JO BDDPSEBODF XJUI ëOEJOHT GPS %41$ BOE %41&1&(2000 SFQPSUFE CZ <ǫǰǲ> ɨF QFBL
CSPBEFOJOH GSPN UIF ëSTU UP UIF TFDPOE TDBO SFTVMUT JO B JODSFBTF PG ΔHm GPS BMM TBNQMFT
IPXFWFS UIF JODSFBTF PGΔHm XBT NPSF EPNJOBOU GPS TBNQMFT DPOUBJOJOH %-11 %.11 BOE
%111 TVHHFTUJOH B IJHIFS DPPQFSBUJPO CFUXFFO UIF MJQJET JO UIF %11$ NFNCSBOF DPNQBSFE
UP %11&1&(2000 4JNJMBS UP UIF NBJO USBOTJUJPO QIBTF B QFBL CSPBEFOJOH JT PCTFSWFE GPS UIF
QSFUSBOTJUJPO CVU VOMJLF GPS UIF NBJO USBOTJUJPO QIBTF UIF CSPBEFOJOH PG UIF QSFUSBOTJUJPO
QFBL EPFT OPU SFTVMU JO B JODSFBTF PGΔHm ɨFTF TNBMM FêFDUT JOEJDBUFE UIBU UIF MJQPQFQUJEFT
JO B WFSZ MPX EFHSFF BSF NJHSBUFE GSPN UIF 101$ UP UIF QSFTVNBCMF NPSF GBWPVSBCMF %11$
NFNCSBOF
5P GVSUIFS JOWFTUJHBUF UIF FêFDU PG TNBMM BNPVOUT PG%-11%.11%111 PS%11&1&(2000
PO UIF QIBTF USBOTJUJPO PG %11$ UIFΔT1/2 XBT BOBMZTFE "O JODSFBTF JOΔT1/2 DPSSFMBUFT UP B
CSPBEFOJOH PG UIF USBOTJUJPO QFBL TVHHFTUJOH B EFDSFBTF JO UIF IZESPQIPCJD JOUFSBDUJPO CFUXFFO
UIF MJQJET 'JHVSF Ǯǰ TIPXT UIF ΔT1/2 GPS %11$ .-7T BOE NJYUVSFT PG %11$ .-7T BOE
101$ MJQPTPNFT BOE 101$ MJQPTPNF DPOUBJOJOH ǫǪ NPMǝ %-11 %.11 %111 BOE %11&
1&(2000 *U DBO CF TFFO UIBUΔT1/2 JODSFBTFT BT UIF MJQJE DIBJO JODSFBTFT GPS UIF MJQPQFQUJEFT
%-11 %.11 BOE %111 UIPVHI %11&1&(2000 IBT UIF MBSHFTU ΔT1/2 DPNQBSFE UP UIF
101$ BOE %11$ TBNQMF ɨFTF SFTVMUT TVHHFTU UIBU BO JODSFBTF JO UIF MJQJE DIBJO GPS UIF
MJQJEQFQUJEF1&( DPNQPVOET EFDSFBTF UIF DPPQFSBCJMJUZ PG UIF %11$ NFNCSBOF ɨJT QFBL
CSPBEFOJOH JT TJNJMBS UP UIBU PG DIPMFTUFSPM <ǫǰǳ> "MM UIF TBNQMFT IBT B TMJHIU JODSFBTF JOΔT1/2
GSPN UIF ëSTU UP UIF TFDPOE TDBO JOEJDBUJOH BO JODSFBTF JO NJHSBUJPO BOEPS QFSUVSCBUJPO PG UIF
%11$ NFNCSBOF JO BDDPSEBODF UIF SFTVMUT QSFTFOUFE FBSMJFS
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'JHVSF ďĖǲF NPMBS FOUIBMQZ PG NFMUJOH 	ΔHm
 GPS UIF íSTU BOE TFDPOE TDBO PG %11$.-7T NJYFE XJUI QVSF 101$
MJQPTPNFT BOE 101$ MJQPTPNFT DPOUBJOJOH ďč NPMĀ %-11 %.11 %111 PS %11&1&(2000
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'JHVSF ďė ǲF XJEUI PG UIF USBOTJUJPO 	ΔT1/2
 GPS UIF íSTU BOE TFDPOE TDBO PG %11$ .-7T NJYFE XJUI 101$
MJQPTPNFT DPOUBJOJOH ďč NPMĀ %-11 %.11 %111 PS %11&1&(2000
'SPN B ESVH EFMJWFSZ QFSTQFDUJWF JU JT EFTJSBCMF UP IBWF UIF NPMFDVMFT XJUI UIF EFTJSFE GVOD
UJPOBMJUZ UP CF BT ëSNMZ BODIPSFE JO UIF MJQPTPNBM NFNCSBOF BT QPTTJCMF 4JODF %111 TIPXFE
JOEJDBUJPOT PG CFJOH UIF 1&(QFQUJEFMJQJE XJUI UIF MFBTU BNPVOU PG NJHSBUJPO GSPN B 101$
UP B %11$ NFNCSBOF %11$ .-7T DPOUBJOJOH ǪǫǫǪ NPMǝ PG %111 PS %11&1&(2000
XFSF GPSNVMBUFE UP FTUJNBUF PG IPX NVDI %111 BOE %11&1&(2000 IBE NJHSBUFE BOE IPX
BO JODSFBTJOH BNPVOU PG %111 BOE %11&1&(2000 FêFDUFE UIF NBJO USBOTJUJPO PG %11$
ɨF GPSNVMBUJPOT XFSF BOBMZTFE CZ %4$ JO UIF TBNF NBOOFS BT UIF NJHSBUJPO TBNQMFT 	'JHVSF
ǮǱǮǫǪ
 /P TJHOJëDBOU EJêFSFODF CFUXFFO UIF ëSTU BOE TFDPOE VQTDBO PG %11$.-7T DPO
UBJOJOH ǪǫǫǪ NPMǝ %111 PS %11&1&(2000 XBT PCTFSWFE UIFSFGPSF UIF SFBEFS JT SFGFSSFE
UP 'JHVSF ǯ JO UIF TVQQMFNFOUBSZ JOGPSNBUJPO QBHF ǳǬ GPS UIF TFDPOE VQTDBO
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'JHVSF ďĘǲF íSTU VQTDBO PG %11$ .-7T DPOUBJOJOH EJìFSFOU BNPVOU PG 	"
 %111 BOE 	#
 %11&1&(2000 
'JHVSF ǮǱ TIPXT UIBU FWFO B TNBMM BNPVOU PG %111 PS %11&1&(2000 IBWF B MBSHF FêFDU PO
UIF QIBTF USBOTJUJPO PG %11$ XIJDI JO UIF DBTF PG %11&1&(2000 JT JO BHSFFNFOU XJUI FBSMJFS
SFQPSUT <ǫǱǪ>ɨF QSFUSBOTJUJPO QFBL JT BMNPTU DPNQMFUFMZ BCPMJTIFE BGUFS BEEJUJPO PG ǪǫNPMǝ
%111 PS %11&1&(2000 "T UIF BNPVOU PG %111 JODSFBTFT B GVSUIFS QFBL CSPBEFOJOH PG
UIF NBJO USBOTJUJPO QFBL JT PCTFSWFE FYDFQU GPS Ǫǫ NPMǝ %111 XIFSF B TNBMM CVNQ CFGPSF
UIF NBJO USBOTJUJPO JT QSFTFOU 'VSUIFSNPSF MBSHF WBSJBUJPOT JO UIF QFBL TIBQF PG UIF NBJO
QIBTF USBOTJUJPO GPS %11&1&(2000 XBT PCTFSWFE BOE BU ǯ NPMǝ %11&1&(2000 UIF NBJO
ǭǰ
ǮǬ .FNCSBOF NJHSBUJPO
USBOTJUJPO DPOTJTU PG UXP TNBMM PWFSMBQQJOH QFBLT ɨFSFGPSF GVSUIFS BOBMZTJT PG %111 BOE
%11&1&(2000 FêFDUT PO UIF NBJO USBOTJUJPO QFBL PG %11$ JT CFTU EPOF CZ DPOTJEFSJOH UIF
DIBOHFT GPS ΔHm Tm BOE ΔT1/2 )PXFWFS CZ DPNQBSJOH 'JHVSF ǮǱ BOE Ǯǭ JU DBO CF
DPODMVEFE UIBU B WFSZ TNBMM BNPVOU PG 1&(MJQJET IBE NJHSBUFE JO UIF FBSMJFS TUVEJFT
'SPN 'JHVSF Ǯǲ JU DBO CF TFFO UIBU UIF Tm WBMVFT BSF POMZ TMJHIUMZ BêFDUFE CZ UIF QSFTFODF
PG ǪǫǬ NPMǝ %111 PS %11&1&(2000 'PS ǯ BOE ǫǪ NPMǝ %111 B EFDSFBTF JO UIF Tm
DBO CF PCTFSWFE XIJMF B NPSF QSPGPVOE EFDSFBTF JT PCTFSWFE GPS ǯ NPMǝ %11&1&(2000 FWFO
UIPVHI UIF Tm GPS ǫǪ NPMǝ %11&1&(2000 JODSFBTFT ɨF QFBL TIBQF PG UIF MBUUFS TBNQMFT
BSF IJHIMZ JSSFHVMBS DPNQBSFE UP %111 CVU JU IBT QSFWJPVTMZ CFFO SFQPSUFE UIBU UIF FêFDU PG
%11&1&(2000 PO UIF %11$NBJO USBOTJUJPO QIBTF JT OPO USJWJBM BOE UIF NBJO USBOTJUJPO QFBL
DBO CF SFTPMWFE GSPN UXP DPNQPOFOUT CZ EFDPOWPMVUJPO <ǫǱǪ> ɨFTF SFMBUJWF TNBMM DIBOHFT JO
Tm GPS %111 JOEJDBUFT UIBU UIF DPNQPVOET BSF EJTUSJCVUFE FWFOMZ JO UIF NFNCSBOF BOE EPFT
OPU DSFBUF MBUFSBM QIBTF TFQBSBUJPO PS %111 SJDI EPNBJOT JO UIF %11$ NFNCSBOF
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'JHVSF ďęǲF UIF NFMUJOH QFBL UFNQFSBUVSF 	Tm
 GPS UIF íSTU BOE TFDPOE TDBO PG %11$ .-7T DPOUBJOJOH EJìFSFOU
BNPVOU PG %111 PS %11&1&(2000
#Z BOBMZTJOH UIF FêFDU PG BO JODSFBTJOH BNPVOU PG %111 PS %11&1&(2000 PO UIFΔHm
PG UIF QSF BOE NBJOUSBOTJUJPO PG %11$ 	'JHVSF Ǯǳ
 MBSHF DIBOHFT JO UIF ΔHm CZ TNBMM
BNPVOUT PG FJUIFS %111 PS %11&1&(2000 XFSF PCTFSWFE NPTU MJLFMZ EVF UP B JOJUJBM EJT
SVQUJPO PG UIF DPPQFSBUJWBUZ CFUXFFO UIF CJMBZFST *O HFOFSBM ΔHm EFDSFBTFE GSPN ∼ǲ UP
∼ǰ LDBMNPM BT B SFTVMU PG QFBL CSPBEFOJOH JOEFQFOEFOU PG UIF BNPVOU PG %111 PS %11&
1&(2000 7BMVFT GPS UIF QSFUSBOTJUJPO DBO CF FYUSBDUFE GSPN UIF ëSTU VQTDBOT GPS Ǫǫǯ NPMǝ
PG %111 BOE %11&1&(2000 CVU BT TFFO GSPN 'JHVSF ǮǱ UIF QSFUSBOTJUJPO QFBL JT OPU
DMFBSMZ EFëOFE 'VSUIFSNPSF UIF JODSFBTFE QFBL CSPBEFOJOH DPNQMJDBUFT UIF JOUFSQSFUBUJPO PG
UIFΔHm PCUBJOFE GPS ǯ BOE ǫǪ NPMǝ%11&1&(2000 BOE NBZ CF NJTHVJEJOH TJODF UIF NBJO
USBOTJUJPO QFBL JT BMNPTU BCPMJTIFE BOE NPSF JSSFHVMBS UIBO GPS MPXFS BNPVOUT PG %111 BOE
ǭǱ
Ǯ -ùĀùô %õĂùĆñĄõ $øñĂñóĄõĂùăñĄùÿþ
%11&1&(2000ɨFSFGPSF JU JT OPU QSVEFOU UP FWBMVBUF UIF FêFDU PG %111 PS %11&1&(2000
GSPN UIFΔHm WBMVF BMPOF
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'JHVSF ďĚǲF NPMBS FOUIBMQZ PG NFMUJOH 	ΔHm
 GPS UIF íSTU BOE TFDPOE TDBO PG %11$ .-7T DPOUBJOJOH EJìFSFOU
BNPVOU PG %111 PS %11&1&(2000
ɨF JODSFBTFE ΔT1/2 PG %11$ .-7T DPOUBJOJOH %111 PS %11&1&(2000 DMFBSMZ TIPXT
UIBU %111 BOE %11&1&(2000 EJTSVQUT UIF DPPQFSBUJWBUZ CFUXFFO UIF %11$ MJQJET XJUI JO
DSFBTJOH BNPVOUT PG UIFTF BEEJUJWFT ɨF MPTT PG DPPQFSBUJWBUZ HJWFT SJTF UP B MBSHF QFBL CSPBEFO
JOH BOE BMNPTU FêFDUJWFMZ SFNPWJOH UIF QIBTF USBOTJUJPO PG %11$ 'VSUIFSNPSF JU JT DMFBS UIBU
%11&1&(2000 IBWF B NVDI MBSHFS FêFDU UIBO %111 PO UIF %11$ NFNCSBOF JOEJDBUJOH B
TJHOJëDBOU EJêFSFODF JO UIF BODIPSJOH PG UIF UXP DPNQPVOET
5P DPODMVEF UIF %4$ TUVEJFT XF JOWFTUJHBUF IPX UIF QIBTF USBOTJUJPO PG %11$ XBT BêFDUFE
CZ ǫǪ NPMǝ PG %-11 %.11 %111 BOE %11&1&(2000 UP DPNQBSF UIF FêFDU PG UIF DIBJO
MFOHUIT PO UIF QIBTF USBOTJUJPO 	'JHVSF Ǯǫǫ

%VF UP UIF SFTFNCMBODF PG UIF ëSTU BOE TFDPOE VQTDBO PG %11$.-7T DPOUBJOJOH ǫǪ NPMǝ
%-11 %.11 %111 PS %11&1&(2000 UIF MBUUFS DBO CF TFFO JO 'JHVSF Ǯ JO UIF TVQQMFNFO
UBSZ JOGPSNBUJPO QBHF ǳǫ 5FO NPMǝ XBT DIPTFO HJWFO UIBU MJQPTPNBM ESVH EFMJWFSZ VTVBMMZ
DPOUBJOT CFUXFFO ǯ BOE ǫǪNPMǝ 1&( MJQJE 'JHVSF Ǯǫǫ TIPXT UIBU B IJHI BNPVOU PG MJQPQF
UJEF SFTVMUT JO BO BMNPTU DPNQMFUF FMJNJOBUJPO PG UIF QIBTF USBOTJUJPO PG %11$ BMUIPVHI UP
B MFTTFS EFHSFF UIBO %11&1&(2000 "OBMZ[JOH UIF %4$ TDBO PG %11$ .-7T DPOUBJOJOH ǫǪ
NPMǝ %-11 %.11 %111 BOE %11&1&(2000 XF TFF GSPN 'JHVSF ǮǫǬǮǫǮ UIBU BO JO
DSFBTF JO UIF QFBL CSPBEFOJOH PDDVST BT UIF DIBJO MFOHUI JODSFBTFT SFTVMUJOH JO B EFDSFBTF PG
ΔHm BOE Tm BT UIF DIBJO MFOHUI JODSFBTFT XIJMF UIF ΔT1/2 JODSFBTFT ɨFTF PCTFSWBUJPOT
TVHHFTU B EFDSFBTF JO UIF DPPQFSBUJWBUZ PG %11$ NFNCSBOF BT UIF DIBJO MFOHUI PG UIF MJQPQFQ
UJEF JODSFBTFT UIF PQQPTJUF PG XIBU XBT PCTFSWFE GPS B TNBMM BNPVOU PG %-11 %.11 BOE
%111 FBSMJFS
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'JHVSF ďĊĉǲFΔT1/2 GPS UIF íSTU BOE TFDPOE TDBO PG %11$ .-7T DPOUBJOJOH EJìFSFOU BNPVOU PG %111 PS %11&
1&(2000
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'JHVSF ďĊĊǲF íSTU VQTDBO PG %11$ .-7T DPOUBJOJOH ďč NPMĀ %-11 %.11 %111 BOE %11&1&(2000
.FNCSBOF QBSUJUJPOJOH
5P TUVEZ UIF QBSUJUJPOJOH PG %-11 %.11 BOE %111 CFUXFFO B 101$ MJQJE NFNCSBOF BOE
UIF BRVFPVT CVML MJQPTPNFT DPOUBJOJOH ǫǪ NPMǝ %-11 %.11 %111 PS 0D".19 XFSF
0D".19 JT B ǫǮ BNJOP BDJE QFQUJEF DPOKVHBUFE XJUI PDUBOPJD BDJE ɨF DPNQPVOE XBT LJOEMZ QSPWJEFE CZ
ɨPNBT &U[FSPEU %56 /BOPUFDI %FONBSL BOE VTFE XJUIPVU GVSUIFS QVSJëDBUJPO " IJHI QBSUJUJPO CFUXFFO UIF
101$NFNCSBOF BOE BRVFPVT CVML XBT FYQFDUFE GPS 0D".19 TJODF UIF IZESPQIJMJD QFQUJEF NPJFUZ BSF WFSZ MBSHF
DPNQBSFE UP UIF TNBMM IZESPQIPCJD BODIPS " DIFNJDBM JMMVTUSBUJPO JT QSPWJEFE JO UIF TVQQMFNFOUBSZ JOGPSNBUJPO
QBHF ǳǭ
ǭǳ
Ǯ -ùĀùô %õĂùĆñĄõ $øñĂñóĄõĂùăñĄùÿþ
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'JHVSF ďĊČ ǲF NPMBS FOUIBMQZ PG NFMUJOH 	ΔHm
 GPS UIF íSTU BOE TFDPOE VQTDBO PG %11$ .-7T DPOUBJOJOH ďč
NPMĀ %-11 %.11 %111 BOE %11&1&(2000
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'JHVSF ďĊč ǲF UIF NFMUJOH QFBL UFNQFSBUVSF 	Tm
 GPS UIF íSTU BOE TFDPOE VQTDBO PG %11$ .-7T DPOUBJOJOH ďč
NPMĀ %-11 %.11 %111 BOE %11&1&(2000
EJBMZTFE BOE UIF ìVPSFTDFODF BOE 67 BCTPSCBODF PG USZQUPQIBO 	5SQ
 XFSF NFBTVSFE CFGPSF
BOE BGUFS EJBMZTJT #PUI NFUIPET XFSF UFTUFE GPS RVBOUJGZJOH UIF QFQUJEF DPOUFOU UP BTTFTT UIF
SFMJBCJMJUZ UP EFUFSNJOF UIF QBSUJUJPO PG %-11 %.11 BOE %111 JO B 101$ NFNCSBOF ɨF
EJBMZTJT XBT DPOEVDUFE CZ JOKFDUJOH ǭǪǪ μ- MJQPTPNF TBNQMF JOUP UIF EJBMZTJT DBTFUUF BOE UIF
EJBMZTJT XBT DPOUJOVFE GPS ǭ EBZT BHBJOTU ǭǪǪ N- CVêFS 5P DPSSFDU UIF ìVPSFTDFODF BOE 67
BCTPSCBODF NFBTVSFNFOUT GPS QPTTJCMF MPTT PS EJMVUJPO PG MJQJE NBUFSJBM UIF QIPTQIPSVT DPO
DFOUSBUJPO PG UIF TBNQMFT XFSF EFUFSNJOFE CZ *$1.4 CFGPSF BOE BGUFS EJBMZTJT ɨF SFMBUJWF
BNPVOU PG MJQPQFQUJEF UIBU IBE MFGU UIF NFNCSBOF VQPO EJBMZTJT XBT DBMDVMBUFE CZ
ǮǪ
ǮǬ .FNCSBOF NJHSBUJPO
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'JHVSF ďĊď 1MPU PG UIF XJEUI BU IBMG IFJHIU 	ΔT1/2
 PG UIF Tm QFBL GPS UIF íSTU BOE TFDPOE VQTDBO PG %11$ .-7T
DPOUBJOJOH ďč NPMĀ %-11 %.11 %111 BOE %11&1&(2000
ǝ Partition =
IBD
[P ]BD
− IAD[P ]AD
IBD
[P ]BD
· 100 	Ǯǫ

XIFSF IAD BOE IBD JT UIF JOUFOTJUZ PG UIF ìVPSFTDFODF TJHOBM PS 67 BCTPSCBODF PG 5SQ BGUFS
BOE CFGPSF EJBMZTJT SFTQFDUJWFMZ BOE [P ]AD BOE [P ]BD BSF UIF DPODFOUSBUJPOT PG QIPTQIPS
BGUFS BOE CFGPSF EJBMZTJT SFTQFDUJWFMZ ɨF DBMDVMBUFE QFSDFOUBHF QBSUJUJPO PG %-11 %.11
%111 BOE 0D".19 BSF TIPXO JO UBCMF ǮǬ VTJOH ìVPSFTDFODF BOE 67 BCTPSCBODF NFUIPE
.FUIPE
'MVPSFTDFODF 67 BCTPSCBODF
%-11 ǱǮǫ ǪǪǱ
%.11 ǪǮǱ Ǫǫǭ
%111 ǯǯǰ ǮǱǫ
0D".19 ǫǲǱǭ ǫǭǲǬ
5BCMF ďČ 1FSDFOUBHF QBSUJPO PG %-11 %.11 %111 PS 0D".19 GSPN 101$NFNCSBOF 4JODF UIF ǝ QBSUJUJPO
DBO OPU CF OFHBUJWF UIFTF SFTVMUT JOEJDBUF B SFMBUJWF IJHI FSSPS JO EFUFSNJOF UIF QBSUJUJPO XJUI UIF DVSSFOU NFUIPE
ɨF IJHI FSSPS JT BQQPJOUFE UP CF B DPNCJOBUJPO PG UIF TBNQMF USFBUNFOU BOE UIF FSSPS PG UIF JOEJWJEVBM NFBTVSJOH
NFUIPET 	ìVPSFTDFODF 67 BOE QIPTQIPS BOBMZTJT

ɨFTF SFTVMUT TIPXT UIBU %-11 %.11 BOE %111 EPFT OPU QBSUJUJPO PVU PG UIF 101$
NFNCSBOF BOE UIBU FWFO UXP TBUVSBUFE $ǫǬ DIBJOT BSF FOPVHI UP TUSPOHMZ BODIPS UIF MJQPQFQ
UJEFT EVSJOH EJBMZTFT ɨF MJQPQFQUJEF 0D".19 DPOUBJOT POMZ POF TBUVSBUFE $ǲ DIBJO BOE JT
UIFSFGPSF MFTT TUSPOHMZ BODIPSFE JO UIF NFNCSBOF SFTVMUJOH JO ǫǮǫǲǝ MPTT BT TIPXO JO UBCMF
ǮǬɨFTF SFTVMUT DPSSFMBUF XFMM XJUI UIF %4$ TUVEJFT BOE UIF MPX $.$ WBMVF PG %-11 %.11
Ǯǫ
Ǯ -ùĀùô %õĂùĆñĄõ $øñĂñóĄõĂùăñĄùÿþ
BOE %111 NBLJOH JU SFBTPOBCMF UP BTTVNF UIF MJQPQFQUJEFT BSF TUSPOHMZ BODIPSFE JO 101$
NFNCSBOFT 'VSUIFS TUVEJFT PO IPX XFMM %-11 %.11 BOE %111 BSF BODIPSFE JO EJêFSFOU
NFNCSBOFT 	FH TBUVSBUFE VOTBUVSBUFE PS NJYUVSFT PG QIPTQIPMJQJET JT OFFEFE IPXFWFS NBOZ
FYBNQMFT FYJTU PG %41&1&(2000 CFJOH BODIPSFE JO B %01& NFNCSBOF <ǫǫǲ ǫǫǳ ǫǱǫ>
ɨFTF ëOEJOHT TVHHFTU UIBU %-11 %.11 PS %111 BSF FRVBMMZ BQQMJDBCMF JO WBSJPVT NFN
CSBOF TZTUFNT BT %41&1&(2000
'SPN UIF WBMVFT JO UBCMF ǮǬ JU DBO CF TFFO UIBU UIF DVSSFOUNFUIPET QSPEVDF TPNF VODFSUBJOUZ
JO UIF NFBTVSFNFOUT TJODF UIF QFSDFOUBHF QBSUJUJPO DBO OPU CF OFHBUJWF XIJDI XPVME DPSSF
TQPOE UP B HBJO PG %-11 %.11 BOE %111ɨJT FSSPS JT BQQPJOUFE UP CF B DPNCJOBUJPO PG UIF
JOEJWJEVBM NFBTVSJOH NFUIPET 	ìVPSFTDFODF 67 BOE QIPTQIPS BOBMZTJT
 *OJUJBMMZ JU XBT BU
UFNQUFE UP EFUFSNJOF UIF QBSUJUJPO VTJOH JTPUIFSNBM UJUSBUJPO DBMPSJNFUSZ 	*5$
 'JSTUMZ UJUSBU
JOH PG 101$ MJQPTPNFT JOUP B TVTQFOTJPO PG %-11 %.11 PS %111 VTJOH *5$ TIPXFE OP
TJHOBM GSPN QBSUJUJPOɨJT PCTFSWBUJPO DPSSFMBUFT XFMM XJUI UIF MPX$.$WBMVF 'PS QBSUJUJPOJOH
PG %-11 %.11 BOE %111 JOUP 101$ MJQPTPNFT UP PDDVS B EJTTPDJBUJPO PG UIF MJQPQFQUJEF
NJDFMMFT UP NPOPNFST BSF OFFEFE <ǫǰǬ> "T GPS UIF QPTUJOTFSUJPO NFUIPE <ǫǯǰǫǯǲ> UIJT QBS
UJUJPO NPTU MJLFMZ SFRVJSFT IFBUJOH UIF NJDFMMF TVTQFOTJPO UP SPVHIMZ ǰǪ◦$ 4FDPOEMZ UJUSBUJPO
PG QSFGPSNFE MJQPTPNFT DPOUBJOJOH %-11 %.11 PS %111 JOUP CVêFS TIPXFE POMZ UIF IFBU
PG EJMVUJPO 	EBUB OPU TIPXO
 ɨF JOJUJBM *5$ TUVEJFT DPSSFMBUFT XFMM XJUI UIF SFTVMUT PCUBJOFE
GSPN UIF %4$ BOE QBSUJUJPOJOH TUVEJFT %-11 %.11 BOE %111 BSF TUSPOHMZ BODIPSFE JO B
101$ NFNCSBOF BOE QSPCBCMZ BMTP JO NFNCSBOFT DPNQPTFE PG TBUVSBUFE BOE VOTBUVSBUFE
MJQJET
ďč .FNCSBOF TUBCJMJUZ TUVEJFT
"T NFOUJPOFE FBSMJFS 	DIBQUFS ǫ
 1&( JT OFFEFE UP QSPWJEF UIF MPOH DJSDVMBUJPO UJNF PG MJQPTP
NBM ESVH EFMJWFSZ TZTUFNT CVU PODF UIF 1&(DPBUFE MJQPTPNFT BSF BDDVNVMBUFE JO UIF UVNPS
UJTTVF UIF 1&( QPMZNFST UP TPNF FYUFOU JOIJCJU JOUSBDFMMVMBS EFMJWFSZ PG QMBTNJET BOUJTFOTF
%/" BOE PMJHPOVDMFPUJEFT <ǰǯ ǫǱǬ ǫǱǭ> 4NBMMTJ[FE ESVHT UIBU EP OPU FBTJMZ QFSNFBUF NFN
CSBOFT TIPVME BMTP CFOFëU GSPN USJHHFSFE SFMFBTF CZ SFNPWBM PG UIF QSPUFDUJWF 1&( DPBUJOH UP
CFUUFS BDDPNNPEBUF UIF PQUJNBM QIBSNBDPEZOBNJD FêFDU PG UIF FODBQTVMBUFE ESVH <ǬǬ> 'VS
UIFSNPSF B SFNPWBM PG 1&( DBO JOEVDF B NFNCSBOF JOTUBCJMJUZ BOE UIFSFCZ GBDJMJUBUF GVTJPO
XJUI B UBSHFU NFNCSBOF <Ǳǯ> PS JOEVDF BDUJWF SFMFBTF PG BO FODBQTVMBUFE ESVH <ǭǭ>
5P JOWFTUJHBUF JG BO FO[ZNBUJD DMFBWBHF PG UIF MJQPQFQUJEFT %-11 %.11 BOE %111 	'JH
VSF Ǯǫ
 DPVME JOEVDF JOTUBCJMJUZ PG WBSJPVT MJQJE NFNCSBOFT¤ MJQPTPNFT DPOUBJOJOH Ǫǯ NPMǝ
%01&/#% PS %11&/#% BOE EJêFSFOU BNPVOU PG MJQPQFUJEF XFSF QSFQBSFE BOE USFBUFE
XJUI UIFSNPMZTJO PWFSOJHIU BU ǭǱ◦$ 101$ %01& BOE %11$ NFNCSBOFT XFSF JOWFTUJHBUFE
UP DPWFS B XJEF SBOHF PG NFNCSBOFT XJUI EJêFSFOU CJPQIZTJDBM QSPQFSUJFT %01& XBT TFMFDUFE
UP DPNQBSF UIF BCJMJUZ PG %-11 %.11 BOE %111 UP TUBCJMJTF %01& NFNCSBOFT XIJDI
DPVME CF SFOEFSFE VOTUBCMF BT FBSMJFS EFTDSJCFE JO DIBQUFS Ǭ %11$ NFNCSBOFT XFSF TFMFDUFE
UP JOWFTUJHBUF UIF QPTTJCMF SFMFBTF BOE EFTUBCJMJTBUJPO PG NFNCSBOFT JO UIF HFM QIBTF 101$ XBT
TFMFDUFE UP JOWFTUJHBUFE EF1&(ZMBUFE PG B TUBCMF ìVJE NFNCSBOF
¤ɨF GPSNVMBUJPOT JOWFTUJHBUFE DBO CF TFFO JO 'JHVSF ǮǫǱ BOE Ǯǫǲ
ǮǬ
Ǯǭ .FNCSBOF TUBCJMJUZ TUVEJFT
ɨF TJ[F PG UIF MJQPTPNFT XFSF NFBTVSFE CFGPSF BOE BGUFS JODVCBUJPO XJUI UIFSNPMZTJO 	TFF
DIBQUFS Ǳ
 VTJOH %-4 UP JOWFTUJHBUF QPTTJCMF GVTJPOBHHSFHBUJPOT BT B SFTVMU PG FO[ZNF BDUJW
JUZ 	'JHVSF ǮǫǱ BOE Ǯǫǲ
 "GUFS JODVCBUJPO UIF ìVPSFTDFODF PG UIF /%# QSPCF JO UIF TBN
QMFT XJUI BOE XJUIPVU UIFSNPMZTJO XBT NFBTVSFE NPOJUPSJOH UIF ìVPSFTDFODF JOUFOTJUZ BT B
GVODUJPO PG UJNF 	TFF 'JHVSF Ǯǫǯ BOE Ǯǫǰ
 4PEJVN EJUIJPOJUF XBT BEEFE UP RVFODI UIF ìV
PSFTDFODF TJHOBM PG /#% BT QSFWJPVTMZ EFNPOTUSBUFE <ǫǱǮ ǫǱǯ> "GUFS SPVHIMZ ǫǯǪ TFDPOET
USJUPOY ǫǪǪ XBT BEEFE UP EJTSVQU UIF SFNBJOJOH MJQPTPNFT UIFSFCZ NBLJOH JU QPTTJCMF GPS UIF
TPEJVN EJUIJPOJUF UP RVFODI UIF SFNBJOJOH /%# ɨF ìVPSFTDFODF TJHOBM XBT OPSNBMJTFE UP
UIF JOUFOTJUZ BU UIF QPJOU PG BEEJUJPO PG EJUIJPOJUF
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'JHVSF ďĊĖǲF îVPSFTDFODF PG MJQPTPNFT DPOUBJOJOH 101$%01&%.11%01&/%# ĘĘěęĘĘěęďččę JODVCBUFE
BU ėě◦$ PWFSOJHIU XJUIPVU 	"
 BOE XJUI 	#
 UIFSNPMZTJO 4PEJVN EJUIJPOJUF XBT BEEFE BU Uč "GUFS BSPVOE ďęč TFDPOET
USJUPOY ďčč XBT BEEFE UP EJTSVQU UIF MJQJE NFNCSBOF
'JHVSF Ǯǫǯ TIPXT TUBHOBUJPO PG UIF ìVPSFTDFODF TJHOBM PG /%# JO B NFNCSBOF NBUSJY PG
101$%01& 	ǫǫ
 BU BSPVOE ǯǪǝ BGUFS RVFODIJOH XJUI TPEJVN EJUIJPOJUF GPS CPUI XJUI B
XJUIPVU UIFSNPMZTJOɨJT ESPQ JO ìVPSFTDFODF DPSSFTQPOET UP UIF RVFODIJOH PG BMM UIF /%# JO
UIF PVUFS NFNCSBOF MBZFS BTTVNJOH UIBU UIF %01&/%# JT FRVBMMZ EJTUSJCVUFE JO UIF CJMBZFS
PG UIF MJQPTPNFT "GUFS UIF JOJUJBM ESPQ PG UIF ìVPSFTDFODF TJHOBM UP SPVHIMZ ǯǪǝ B TUFBEZ
EFDSFBTF PG UIF TJHOBM JT PCTFSWFE NPTU MJLFMZ EVF UP UIF QBTTJWF EJêVTJPO PG TPEJVN EJUIJPOJUF
PWFS UIF NFNCSBOF CFJOH JOWFTUJHBUFE "GUFS BEEJUJPO PG USJUPOY ǫǪǪ UIF ìVPSFTDFODF TJHOBM
ESPQT DMPTF UP [FSP XIJDI JOEJDBUFE UIBU UIFSF JT OP MPOHFS B QSPUFDUJWF NFNCSBOF UP TIJFME UIF
SFNBJOJOH/%# GSPN TPEJVN EJUIJPOJUF $IBOHJOH UIFNFNCSBOFNBUSJY UP ǫǮ 101$%01&
SFTVMUT JO BO BMNPTU DPNQMFUF RVFODIJOH PG UIF ìVPSFTDFODF TJHOBM PG /#% BGUFS JODVCBUJPO
XJUI UIFSNPMZTJO PWFSOJHIU 	'JHVSF Ǯǫǰ#
 XIJMF UIF ìVPSFTDFODF TJHOBM PG /#% TUBHOBUFT
BU ǯǪǝ BGUFS BEEJUJPO PG TPEJVN EJUIJPOJUF XJUIPVU USFBUNFOU XJUI UIFSNPMZTJO ɨFTF SFTVMUT
JOEJDBUF UIBU UIF USFBUNFOU PG UIF MJQPTPNF GPSNVMBUJPO 101$%01&%.11%01&/%#
	ǱǫǰǫǱǳǫǪǪǯ
 XJUI UIFSNPMZTJO SFTVMUT JO B WFSZ IJHI QFSNFBCJMJUZ PS B EJTSVQUJPO PG UIF
CJMBZFS TUSVDUVSF QSJPS BEEJUJPO PG TPEJVN EJUIJPOJUF
"MM UIF MJQPTPNBM GPSNVMBUJPOT TIPXO JO 'JHVSF ǮǫǱ BOE Ǯǫǲ XIJDI JODSFBTFT JO TJ[F BGUFS
JODVCBUJPO XJUI UIFSNPMZTJO TIBSF B TJNJMBS ìVPSFTDFODF QSPëMF UP UIF POF TIPXO JO 'JHVSF
Ǯǫǰ 'PS UIPTF GPSNVMBUJPOT OPU JODSFBTJOH JO TJ[F UIF ìVPSFTDFODF QSPëMF TJNJMBS UP UIF POF
TIPXO JO 'JHVSF Ǯǫǯ XBT PCTFSWFE )PXFWFS GPS UIF %11$ NFNCSBOFT UIF TJHOBM GSPN UIF
Ǯǭ
Ǯ -ùĀùô %õĂùĆñĄõ $øñĂñóĄõĂùăñĄùÿþ
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'JHVSF ďĊėǲF îVPSFTDFODF PG MJQPTPNFT DPOUBJOJOH 101$%01&%.11%01&/%# 	ěďĚďěĝďččę
 JODVCBUFE
BU ėě◦$ PWFSOJHIU XJUIPVU 	"
 BOE XJUI 	#
 UIFSNPMZTJO 4PEJVN EJUIJPOJUF XBT BEEFE BU Uč "GUFS BSPVOE ďęč TFDPOET
USJUPOY ďčč XBT BEEFE UP EJTSVQU UIF MJQJE NFNCSBOF
/%# QSPCF EJE OPU BMXBZT TUBHOBUF BU ǯǪǝ JOEJDBUJOH BO VOFWFO EJTUSJCVUJPO PG %01&
/%#%11&/%# PS PDDVSSFODF PG B NJDFMMBS QIBTF DPOUBJOJOH UIF /%# MJQJET EFQFOEJOH PO
UIF NFNCSBOF DPNQPTJUJPO /P EJêFSFODF JO UIF JOJUJBM ESPQ PG ìVPSFTDFODF XBT PCTFSWFE GPS
UIF TBNQMFT DPOUBJOJOH B %11$ NFNCSBOF XJUI PS XJUIPVU UIFSNPMZTJO TVHHFTUJOH UIBU UIF
NFNCSBOFT DPOUBJOJOH %11$ EJE OPU GVTFBHHSFHBUF VQPO USFBUNFOU XJUI UIFSNPMZTJO ɨF
MBDL PG EFTUBCJMJTBUJPO PG UIF NFNCSBOF EPFT OPU IPXFWFS FYDMVEF UIF QPTTJCJMJUZ PG SFOEFSJOH
UIF NFNCSBOF NPSF QFSNFBCMF BGUFSEVSJOH SFNPWBM UIF PG 1&( NPJFUZ 'VSUIFSNPSF JU DBO
CF TFFO GSPN 'JHVSF ǮǫǱ UIBU FWFO ǯ NPMǝ PG %-11 %.11 PS %111 JT FOPVHI UP TUBCJMJTF B
%01& NFNCSBOF JOEJDBUJOH UIBU UIF TUBCJMJUZ PG MJQJET QSPOF UP UIF IFYBHPOBM QIBTF BSF NPSF
EFQFOEFOU PO UIF QSFTFODF PG UIF 1&( DPOKVHBUF UIBO UIF MJQJET BODIPS ɨJT JT IPXFWFS OPU
TVSQSJTJOH TJODF UIF QBDLJOH QBSBNFUFS PG %-11 %.11 BOE %111 EFDSFBTFT BT UIF MFOHUI PG
UIF MJQJE BODIPS EFDSFBTFT SFTVMUJOH JO %-11  %.11  %111 XJUI SFTQFDU UP 11
'SPN 'JHVSF ǮǫǱ JU DBO CF TFFO UIBU UIF FêFDUJWF NFBO EJBNFUFS JODSFBTFT TJHOJëDBOUMZ GPS
BMM MJQPTPNBM GPSNVMBUJPOT IBWJOH B %01& DPOUFOU IJHIFS UIBO Ǳǫ NPMǝ CZ UIF FO[ZNBUJD
DMFBWBHF PG UIF JODPSQPSBUFE MJQPQFQUJEF ɨF EFTUBCJMJTBUJPO PG MJQPTPNFT DPOUBJOJOH B IJHI
BNPVOU PG %01& JT EVF UP UIF TUSVDUVSF PG %01& JUTFMG XIJDI JT VOBCMF UP NBLF TUBCMF CJ
MBZFS TUSVDUVSFT CFDBVTF PG UIF OFHBUJWF DVSWBUVSF PG UIF NPMFDVMF #Z SFNPWBM PG UIF 1&( CZ
FO[ZNBUJD DMFBWBHF B DIBOHF JO UIF NFNCSBOF TUBCJMJUZ JT JOEVDFE UIFSFCZ GPSDJOH %01& UP
SFBSSBOHF GSPN B MBNFMMBS QIBTF UP IFYBHPOBM QIBTF BOE FYQPTJOH UIF SFNBJOJOH /%# JO UIF
JOOFS NFNCSBOF MBZFS UP UIF BRVFPVT QIBTF SFTVMUJOH JO B OFBS UPUBM RVFODIJOH PG UIF ìVPSFT
DFODF TJHOBM PG /#% BT TFFO JO 'JHVSF Ǯǫǰ# 'SPN 'JHVSF Ǯǫǲ POF DBO TFF UIBU WBSJPVT %11$
NFNCSBOFT EP OPU JODSFBTF TJHOJëDBOUMZ JO TJ[F BT B SFTVMU PG UIF FO[ZNBUJD DMFBWBHF PG %111
5P GVSUIFS QSPWF UIBU UIF MJQPTPNFT DPOUBJOJOH B IJHI BNPVOU PG %01& EJE JO GBDU SFBSSBOHF
GSPN TUBCMF MJQPTPNFT UP BOPUIFS GPSN PG BHHSFHBUF DSZPHFOJDUFNQFSBUVSF USBOTNJTTJPO FMFD
USPO NJDSPTDPQZ 	DSZP5&.
 QJDUVSFT XFSF UBLFO PG 101$%01&%111 	ǫǲǱǬǫǪ
 USFBUFE
XJUI BOE XJUIPVU UIFSNPMZTJO 	'JHVSF Ǯǫǳ
 *U JT DMFBSMZ TIPXO UIBU USFBUNFOU XJUI UIFSNPMZTJO
SFOEFST UIF MJQPTPNBM CJMBZFS VOTUBCMF SFTVMUJOH JO SFBSSBOHFNFOU PG UIF MJQJET 4UJê SPEMJLF
TUSVDUVSFT XFSF PCTFSWFE GPS UIF TBNQMF OPU USFBUFE XJUI UIFSNPMZTJO SFTVMUJOH JO B JOWFTUJHB
UJPO PG UIF NPSQIPMPHZ PG %-11 %.11 BOE %111
ǮǮ
ǮǮ .PSQIPMPHZ
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'JHVSF ďĊĘ%-4 NFBTVSFNFOUT PG WBSJPVT 101$ MJQPTPNBM GPSNVMBUJPOT JODVCBUFE XJUI BOE XJUIPVU UIFSNPMZTJO ǲF
FìFDUJWF NFBO EJBNFUFS BSF TIPXO GPS BMM GPSNVMBUJPOT XIJDI DPOUBJOFE čę NPMĀ %01&/#% PO UIF FYQFOTF PG 101$
BOE %01& XIFO CPUI XFSF QSFTFOU
ďď .PSQIPMPHZ
ɨF NPSQIPMPHZ PG UIF UISFF MJQPQFQUJEFT XFSF JOWFTUJHBUFE UP DPOëSN UIF TVTQJDJPO UIBU
%-11 %.11 BOE %111 CZ UIFNTFMWFT GPSNFE SPEMJLF TUSVDUVSFT JO BRVFPVT TPMVUJPOT 'JSTU
XF NFBTVSFE UIF TJ[F CZ %-4 GPS UXP MJQPQFQUJEF DPODFOUSBUJPOT 	ǯǪμ. BOE ǫN.
 	5BCMF
Ǯǭ
 4FDPOEMZ XF GPSNVMBUFE B MJQJE ëMN PG %-11 %.11 BOE %111 DPOUBJOJOH Ǫǯ NPMǝ
%11&/%# BOE NFBTVSFE UIF ìVPSFTDFODF TJHOBM PWFS UJNF BGUFS BEEJUJPO PG TPEJVN EJUIJPO
JUF 	'JHVSF ǮǬǪ
 BT EFTDSJCFE JO TFDUJPO Ǯǭ 'JOBMMZ B TVTQFOTJPO PG %111 XBT BOBMZ[FE CZ
DSZP5&. 	'JHVSF ǮǬǫ

ǯǪμ. ǫN.
&ê NFBO EJBNFUFS 1E* &ê NFBO EJBNFUFS 1E*
%-11 ǫǬǳ ǪǮǰ Ǭǫǲ Ǫǯǭǭ
%.11 ǫǭǮ ǪǬǲǲ ǲǳ ǪǬǫǯ
%111 ǲǯ ǪǬǰǫ ǫǪǰ ǪǬǱǮ
%11&1&(2000   ǫǯ ǪǬǫǮ
%41&1&(2000   ǫǯ ǪǬǫǲ
5BCMF ďč%-4 NFBTVSFNFOUT PG ǯǪμ. BOE ǫN. MJQJE TVTQFOTJPOT PG %-11 %.11 %111 %11&1&(2000 BOE
%41&1&(2000
ɨF %-4 NFBTVSFNFOUT TIPX UIBU UIF MJQPQFQUJEFT %-11 %.11 BOE %111 GPSN MBSHF
BHHSFHBUFT GSPN ǲǯǬǪǪ ON XIJMF %41&1&(2000 BOE %11&1&(2000 GPSN TNBMM BHHSFHBUFT
Ǯǯ
Ǯ -ùĀùô %õĂùĆñĄõ $øñĂñóĄõĂùăñĄùÿþ
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'JHVSF ďĊę%-4 NFBTVSFNFOUT PG WBSJPVT %11$ MJQPTPNBM GPSNVMBUJPOT JODVCBUFE XJUI BOE XJUIPVU UIFSNPMZTJO ǲF
FìFDUJWF NFBO EJBNFUFS BSF TIPXO GPS BMM GPSNVMBUJPOT XIJDI DPOUBJOFE čę NPMĀ %01&/#% PO UIF FYQFOTF PG %11$
BOE DIPMFTUFSPM XIFO CPUI XFSF QSFTFOU ǲF %11$%01&$IPM%111 	ĖčĘčėčďč
 BOE %11$%01&$IPM%11&
1&(2000 ĖčĘčėčďč GPSNVMBUJPO UP UIF SJHIU DPOUBJOFE %11&/#% JOTUFBE PG %01&/%#
BSPVOE ǫǯONɨJT JT JO BHSFFNFOU XJUI B QSFWJPVTMZ SFQPSUFE TJ[F PG ǫǱ ON GPS%41&1&(2000
<ǫǰǪ> ɨFSF BSF IPXFWFS NBOZ NJDFMMBS TUSVDUVSFT UIBU DPVME MFBE UP B IJHIFS FêFDUJWF NFBO
EJBNFUFS TJ[F FH XPSN SPE BOE EJTDMJLF TUSVDUVSFT <ǫǱǰǫǱǲ> ɨFTF TUSVDUVSF IBWF CFFO
JOUFOTJWFMZ TUVEJFE CVU BSF NPTU PGUFO TFFO GPS QPMZNFST *U JT MJLFMZ UIBU UIF SFBTPO GPS UIJT
TVSQSJTJOH CFIBWJPVS PG %-11 %.11 BOE %111 JT HPWFSOFE CZ UIF QFQUJEF NPJFUZ *U IBT
QSFWJPVTMZ CFFO SFQPSUFE JO UIF MJUFSBUVSF UIBU QFQUJEFT UIFNTFMWFT IBWF UIF BCJMJUZ UP GPSN
MBSHF BHHSFHBUFT <ǫǱǳǫǲǫ>
5P GVSUIFS DPOëSN UIBU %-11 %.11 BOE %111 GPSNFE MBSHF SPEMJLF NJDFMMFT UIF
EJUIJPOJUF BTTBZ GSPN UIF NFNCSBOF TUBCJMJUZ TUVEJFT XFSF VUJMJTFE 'JHVSF ǮǬǪ TIPXT UIF ìVP
SFTDFODF TJHOBM QSPëMF PG B ǫN. TVTQFOTJPO PG%111 BOE%11&1&(2000 DPOUBJOJOH ǪǯNPMǝ
%11&/#% 4PEJVN EJUIJPOJUF XBT BEEFE BGUFS ǫǪǪ TFD BOE BT B SFTVMU B UPUBM RVFODIJOH PG
UIF ìVPSFTDFODF TJHOBM XBT PCTFSWFE "TTVNJOH UIF %11&/#% JT JODPSQPSBUFE JO UIF TUSVD
UVSF PG UIF MJQPQFQUJEFT %-11 %.11 %111 %11&1&(2000 PS %41&1&(2000 UIF TUSVD
UVSF BOEPS EZOBNJDT PG UIF BHHSFHBUFT XJMM EFUFSNJOF JG BMM PS TPNF UIF /%# QSPCFT BSF FY
QPTFE UP UIF TPEJVN EJUIJPOJUF VQPO BEEJUJPO BT PCTFSWFE FBSMJFS GPS MJQPTPNFT 	TFDUJPO Ǯǭ

%11&1&(2000 BOE %41&1&(2000 BSF LOPXO UP GPSN TQIFSJDBM NJDFMMFT BOE UIFSFGPSF B
UPUBM RVFODIJOH PG UIF /#% TJHOBM JT FYQFDUFE 4JODF %-11 %.11 BOE %111 TIPX TJNJ
MBS ìVPSFTDFODF QSPëMF UP %11&1&(2000 BOE %41&1&(2000 JU JT BTTVNFE UIBU UIFTF DPN
Ǯǰ
ǮǮ .PSQIPMPHZ
'JHVSF ďĊĚ$SZP5&.QJDUVSF UBLFO PG 101$%01&%111 	ďĜěĖďč
 MJQPTPNFT JODVCBUFE XJUI 	UPQ SPX
 PS XJUIPVU
	CPUUPN SPX
 UIFSNPMZTJO
QPVOET GPSN NJDFMMBS TUSVDUVSFT *U JT OPUBCMF UIBU UIF ìVPSFTDFODF TJHOBM PG %-11 %.11 BOE
%111 TVTQFOTJPOT BSF RVFODIFE TMJHIUMZ GBTUFS UIBO GPS MJQJE TVTQFOTJPOT PG %11&1&(2000
BOE %41&1&(2000 ɨJT JOEJDBUFT UIBU UIFSF JT B EJêFSFODF JO UIF PWFSBMM BHHSFHBUJPO XIJDI
JT TVQQPSUFE CZ UIF %-4 NFBTVSFNFOUT TIPXO JO UBCMF Ǯǭ 'VSUIFSNPSF %41&1&(2000 BOE
%11&1&(2000 BSF OFHBUJWFMZ DIBSHFE XIJMF %-11 %.11 BOE %111 DPOUBJO B QPTJUJWFMZ
DIBSHFE BNJOP BDJE 	BSHJOJOF
 ɨF GBTUFS RVFODIJOH DPVME CF FYQMBJOFE CZ BO FMFDUSPTUBUJD
BUUSBDUJPO CFUXFFO UIF OFHBUJWFMZ DIBSHFE EJUIJPOJUF BOE UIF TZOUIFTJTFE DPNQPVOET
5P DPODMVEF UIF NPSQIPMPHZ TUVEJFT B TVTQFOTJPO PG %111 XBT BOBMZTFE CZ DSZP5&.
	'JHVSF ǮǬǫ
 BOE DMFBS SPEMJLF TUSVDUVSFT XFSF PCTFSWFE *U JT UIFSFGPSF BTTVNFE UIBU UIF SPE
MJLF BHHSFHBUFT PCTFSWFE JO 'JHVSF Ǯǫǳ SFTVMUT GSPN %111 OPU FNCFEEFE JO UIF NFNCSBOF *U
JT QPTTJCMF UIBU UIF TUFSJDBM SFQVMTJPO CFUXFFO UIF 1&( QSFWFOUT UIF FOUJSF BNPVOU PG %111 UP
CF BODIPSFE JO UIF NFNCSBOF UIPVHI TFWFSBM FYBNQMFT PG MJQPTPNFT DPOUBJOJOH IJHIU BNPVOUT
PG %41&1&(5000 IBWF CFFO SFQPSUFE JO UIF MJUFSBUVSF <ǫǰǲ ǫǲǬ>
ǮǱ
Ǯ -ùĀùô %õĂùĆñĄõ $øñĂñóĄõĂùăñĄùÿþ
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'JHVSF ďČĉǲF îVPSFTDFODF TJHOBM PG ďN. %111 	"
 BOE ďN. %11&1&(2000 	#
 NJDFMMF TVTQFOTJPOT DPOUBJOJOH
čęNPMĀ %11&/#% CFJOH RVFODIFE CZ UIF BEEJUJPO PG TPEJVN EJUIJPOJUF BGUFS ďččTFD ęčμ. TVTQFOTJPOT PG %111 BOE
%11&1&(2000 IBE UIF TBNF îVPSFTDFODF TJHOBM QSPíMF 4JNJMBS îVPSFTDFODF TJHOBM XBT PCTFSWFE GPS ęčμ. BOE ďN.
TVTQFOTJPOT PG %-11 %.11 BOE %41&1&(2000
'JHVSF ďČĊ DSZP5&. QJDUVSFT PG B ďčN. %111 TVTQFOTUJPO
ďĖ $PODMVEJOH SFNBSLT
ɨSFF DPNQPVOET %-11 %.11 BOE %111 XFSF TZOUIFTJTFE VTJOH TPMFMZ 4114 BOE DIBS
BDUFSJTFE $.$ TUVEJFT TIPXFE UIF VQQFS MJNJU GPS UIF DPNQPVOET UP CF ǫ μ. BOE QPTTJ
CMZ MPXFS 1BSUJUJPOJOH TUVEJFT TIPXFE UIBU %-11 %.11 BOE %111 BSF TUSPOHMZ BODIPSFE
JO 101$ NFNCSBOFT BOE UIF SFTVMUT TVHHFTU UIBU UIFTF DPNQPVOET QFSGPSN 	TUBCJMJUZXJTF

FRVBMMZ XFMM BT %41&1&(2000 JO MJQPTPNBM ESVH EFMJWFSZ TZTUFNT 'VSUIFSNPSF %4$ TUVE
JFT TIPXFE UIBU OFHMJHJCMF BNPVOUT PG UIFTF DPOKVHBUFT NJHSBUF GSPN B 101$ NFNCSBOF UP
B %11$ NFNCSBOF ɨF FêFDU PG %-11 %.11 BOE %111 PO UIF NBJO QIBTF USBOTJUJPO PG
%11$ XBT BMTP JOWFTUJHBUFE 'PS WFSZ TNBMM BNPVOUT PG %-11 %.11 BOE %111 B TNBMM JO
DSFBTF JO UIF TUBCJMJTBUJPO PG UIF NBJO USBOTJUJPO PG %11$ XBT PCTFSWFE XIJMF MBSHFS BNPVOUT
BMNPTU DPNQMFUFMZ BCPMJTIFE UIF QIBTF USBOTJUJPO
Ǯǲ
Ǯǯ $PODMVEJOH SFNBSLT
%-11 %.11 BOE%111 XFSF VTFE UP TUVEZ UIF FêFDU PG EF1&(ZMBUJPO PG NFNCSBOFT CBTFE
PO FJUIFS %01& 101$ PS %11$ 4JNJMBS UP PUIFS DPNQPVOET XJUI B SFNPWBCMF 1&( %-11
%.11 BOE %111 XFSF BCMF UP TUBCJMJTF UIF %01& NFNCSBOF BOE USJHHFS B SFBSSBOHFNFOU PG
UIF MJQJET GSPN B MBNFMMBS 	CJMBZFS
 UP BO IFYBHPOBM QIBTF 	JOWFSTF NJDFMMF
 ɨF SFBSSBOHFNFOU
XBT BDDPNQBOJFE XJUI B MBSHF JODSFBTF JO TJ[F GPS UIF MJQPTPNFTBHHSFHBUFT /P NPSQIPMPHJDBM
DIBOHF XBT PCTFSWFE GPS MJQJE NFNCSBOFT DPNQPTFE PG FJUIFS 101$ PS %11$ IPXFWFS VQ UP
ǫǱ NPMǝ 101$ DPVME CF QSFTFOU JO B %01& NFNCSBOF XIJMF TUJMM NBJOUBJOJOH UIF BCJMJUZ UP
SFBSSBOHF 'JSTUMZ UIF SFBSSBOHFNFOU XBT JOEJDBUFE CZ JOWFTUJHBUJOH UIF RVFODIJOH PG /%#XJUI
TPEJVN EJUIJPOJUF BGUFS USFBUNFOU XJUI PS XJUIPVU UIFSNPMZTJO " SFBSSBOHFNFOU XBT JOEJDBUFE
CZ B DPNQMFUF RVFODIJOH PG UIF /%# BGUFS UIF BEEJUJPO PG TPEJVN EJUIJPOJUF TVHHFTUJOH B MPTT
PG UIF QSPUFDUJWF CJMBZFS BGUFS USFBUNFOU XJUI UIFSNPMZTJO &WJEFODF PG UIJT SFBSSBOHFNFOU XBT
TVCTUBOUJBUFE VTJOH DSZP5&. QJDUVSFT PG UIF GPSNVMBUJPO 101$%01&%111 	ǫǲǱǬǫǪ

XJUI BOE XJUIPVU UIFSNPMZTJO TIPXJOH UIBU MJQPTPNFT PG BQQSPYJNBUFMZ ǫǪǪON JO TJ[F CFJOH
USBOTGPSNFE UP SBOEPN MJQJE NJYJOH VQPO USFBUNFOU XJUI UIFSNPMZTJOɨF DSZP5&.QJDUVSFT
TVHHFTU UIBU %-11 %.11 BOE %111 GPSN TUJê SPEMJLF NJDFMMFT XIJDI XBT JOWFTUJHBUFE CZ
%-4 BOE ìVPSFTDFODF NFBTVSFNFOUT BOE ëOBMMZ DSZP5&. QJDUVSFT ɨF NPSQIPMPHZ TUVEJFT
TVQQPSUFE UIF PCTFSWBUJPOT UIBU %111 GPSNT TUJê SPEMJLF NJDFMMFT XJUI B NFBO EJBNFUFS PG ǲǯ
ǫǪǪ ON *U JT TVQQPTFE UIBU %-11 BOE %.11 GPSN TJNJMBS TUSVDUVSFT IPXFWFS OP DSZP5&.
TUVEJFT XFSF QFSGPSNFE PO UIFTF DPNQPVOET
ɨF SFTVMUT QSFTFOUFE JO UIJT DIBQUFS JOEJDBUF UIBU UIF FBTJMZ TZOUIFTJTFE DPNQPVOET %-11
%.11 BOE %111 BSF BQQMJDBCMF JO B XJEF SBOHF PG NFNCSBOFT XJUI B QPTTJCMF SFNPWBM PG UIF
1&( NPJFUZ CZ FO[ZNBUJD BDUJWJUZ ɨF GBDJMF TZOUIFTJT BOE QVSJëDBUJPO NBLFT %-11 %.11
BOE %111 FYDFMMFOU TVCTUJUVUFT GPS DPNQPVOET DVSSFOUMZ VTFE GPS EF1&(ZMBUJPO CZ FO[ZNF
BDUJWJUZ
Ǯǳ

Chapter5
$JTQMBUJO &ODBQTVMBUJPO
5ÿ GVSUIFS JOWFTUJHBUF JG UIF SFTVMUT PCUBJOFE GSPN TUVEZJOH NFNCSBOF EFTUBCJMJTBUJPO 	TFDUJPO Ǯǭ
 CZ DMFBWBHF PG UIF MJQPQFQUJEFT %-11 %.11 PS %111 DPVME MFBE UP BDUJWF
SFMFBTF PG B LOPX BOUJDBODFS BHFOU XF QSFQBSFE WBSJPVT MJQPTPNF GPSNVMBUJPOT XJUI FODBQTV
MBUFE DJTQMBUJO 'PS BDUJWF SFMFBTF UP CF BEWBOUBHFPVT UIF SFMFBTF NFDIBOJTN NVTU BQQMZ GPS
QBTTJWFMZMPBEFE ESVHT BOE UIF SFMFBTF JUTFMG OFFET UP CF FêFDUJWF JO PSEFS UP QSPWF UIF SFMFBTF
JT JOJUJBUFE CZ UIF EFTJHOFE USJHHFS NFDIBOJTN <ǭǭ> $JTQMBUJO XBT TFMFDUFE BT UIF FODBQTVMBUFE
ESVH BT FBSMJFS TUVEJFT JOEJDBUFE UIBU QPPS SFMFBTF PG DJTQMBUJO GSPN MJQPTPNFT SFTVMUFE JO NPEFTU
UIFSBQFVUJD FêFDU <ǬǬ ǫǪǭ ǫǲǭ> 1PPS SFMFBTF PG DJTQMBUJO GSPN 41*ǪǱǱ 3© MJQPTPNFT JT BTTVNFE
UP BSJTF GSPN UIF MBDL PG BO BDUJWF SFMFBTF NFDIBOJTN ɨF 41*ǪǱǱ GPSNVMBUJPO XBT DPNQBSFE
UP %PYJM 3© JO FBSMJFS TUVEJFT CVU BT QSFTFOUFE JO DIBQUFS Ǭ UIF UIFSBQFVUJD FêFDU PG %PYJM 3© JT
DMPTFMZ SFMBUFE UP UIF BDUJWF MPBEJOH NFUIPE BOE UIF TUBCJMJUZ PG %09 JO BO BDJEJD FOWJSPONFOU
" EJTSVQUJPO PG UIF HSBEJFOU JO %PYJM 3© JT CFMJFWF UP SFTVMU JO UIF JODSFBTFE SFMFBTF PG %09
41*ǪǱǱ JT QBTTJWFMZ MPBEFE XJUI DJTQMBUJO BOE JT UIFSFGPSF MBDLJOH UIF TBNF SFMFBTF NFDIBOJTN
"OESFTFO FU BM <ǭǭ> JOWFTUJHBUFE UIF SFMFBTF PG DJTQMBUJO GSPN %11$ MJQPTPNFT CZ T1-"2**"
BDUJWJUZ BHBJOTU B NPVTF YFOPHSBGU CSFBTU DBODFS NPEFM 	.5ǭ
 IPXFWFS OP DMJOJDBM SFQPSUT PG
UIJT GPSNVMBUJPO IBWF ZFU CFFO QVCMJTIFE 'VSUIFSNPSF 1-"2 XBT GPVOE UP CF JOBDUJWF UPXBSET
NFNCSBOFT JO UIF ìVJE QIBTF ɨJT QPTFT B DIBMMFOHF GPS DJTQMBUJO GPSNVMBUJPOT UIBU EFQFOET
PO T1-"2 BDUJWJUZ GPS SFMFBTF FTQFDJBMMZ JG UIF MJQJE DPNQPTJUJPO PG UIF GPSNVMBUJPO JT DIBOHFE
EVSJOH TZTUFNJD DJSDVMBUJPO <Ǭǫ>
-JQPTPNFT XJUI FODBQTVMBUFE DJTQMBUJO XFSF QSFQBSFE BT EFTDSJCFE JO DIBQUFS Ǳ CFGPSF VO
EFSHPJOH EJBMZTJT UP SFNPWF UIF FYUFSJPS DJTQMBUJO "GUFS EJBMZTJT UIF MJQPTPNFT XFSF JODVCBUFE
XJUI UIFSNPMZTJO PWFSOJHIU BU ǭǱ◦$ ɨF TBNQMFT XFSF EJMVUFE BOE DFOUSJGVHFE UP NFBTVSF UIF
DJTQMBUJO JO UIF ëMUSBUF BOE UIF QMBUJOVN DPODFOUSBUJPO XBT NFBTVSFE CZ JOEVDUJWFMZ DPVQMFE
QMBTNB NBTT TQFDUSPNFUSZ 	*$1.4
 ɨF TJ[FT PG UIF MJQPTPNFT JOWFTUJHBUFE GPS BDUJWF SFMFBTF
PG DJTQMBUJO XFSF NFBTVSFE CZ %-4 CFGPSF BOE BGUFS JODVCBUJPO XJUI UIFSNPMZTJO 	UBCMF ǯǬ

ɨF QFSDFOUBHF FODBQTVMBUJPO BOE SFMFBTF GPS BMM GPSNVMBUJPOT XFSF DBMDVMBUFE CZ
ǝEncapsulation =
[Pt]total
[Pt]buffer
· 100ǝ 	ǯǫ

ǝRelease =
[Pt]filtrate
[Pt]total
· 100ǝ 	ǯǬ

ǯǫ
ǯ $ùăĀüñĄùþ &þóñĀăąüñĄùÿþ
XIFSF [Pt]total JT UIF 1U DPODFOUSBUJPO JO UIF MJQPTPNF TBNQMF BGUFS EJBMZTJT [Pt]buffer JT UIF
1U DPODFOUSBUJPO JO UIF CVêFS VTFE GPS IZESBUJPO BOE [Pt]filtrate JT UIF 1U DPODFOUSBUJPO JO
UIF ëMUSBUF BGUFS DFOUSJGVHBUJPO
ɨF SFTVMUT JO UBCMF ǯǫ TIPX UIBU JU XBT QPTTJCMF UP FODBQTVMBUF ǫǲǝ DJTQMBUJO JO BMM UIF JOWFT
UJHBUFE MJQJE GPSNVMBUJPOT XIJDI JT WFSZ QSPNJTJOH GPS GVUVSF EFWFMPQNFOU 4JHOJëDBOU BDUJWF
SFMFBTF EVF UP FO[ZNF BDUJWJUZ XBT IPXFWFS OPU BDIJFWFE 4VSQSJTJOHMZ UIF TUFBMUI GPSNVMBUJPO
%41$$IPMFTUFSPM%41&1&(2000 	ǯǯǮǪǯ
 IBE SPVHIMZ ǫǪǝ SFMFBTF PG UIF FODBQTVMBUFE DJT
QMBUJO XJUI BOE XJUIPVU USFBUNFOU PG UIFSNPMZTJO UIPVHI JU XBT FYQFDUFE UIBU UIJT GPSNVMBUJPO
XPVME OPU HJWF PDDBTJPO UP BOZ SFMFBTFɨF PCTFSWFE SFMFBTF NJHIU CF EVF UP BO JOBEFRVBUF EJBM
ZTJT UIFSFCZ OPU DPNQMFUFMZ SFNPWJOH BMM UIF FYUFSJPS DJTQMBUJO " TJNJMBS SFTVMU XBT PCUBJOFE GPS
B TUFBMUI GPSNVMBUJPO MPBEFE XJUI B IJHIFS DJTQMBUJO DPODFOUSBUJPO /P TJHOJëDBOU TJ[F JODSFBTF
PG UIF GPSNVMBUJPO XBT PCTFSWFE XIFO JODVCBUFE XJUI UIFSNPMZTJO PWFSOJHIU
" %11$$IPMFTUFSPM%111 	ǯǪǮǪǫǪ
 GPSNVMBUJPO XBT JOWFTUJHBUFE UP TFF JG B TUFBMUIMJLF
GPSNVMBUJPO DPVME CF SFOEFSFE QFSNFBCMF EVF UP FO[ZNBUJD SFNPWBM PG 1&( 6OGPSUVOBUFMZ
UIF VOUSFBUFE TBNQMF XBT DFOUSJGVHFE UPPNVDI SFTVMUJOH JO ǫǪǪ ǝ SFMFBTF8JUIPVU UIF DPOUSPM
TBNQMF JU DPVME OPU CF DPOëSNFE UIBU UIF ǫǪǝ SFMFBTF PCTFSWFE GPS UIF TBNQMF XJUI UIFSNPMZTJO
XBT B SFTVMU PG BDUJWF SFMFBTF " EFDSFBTF JO TJ[F GSPN ǫǯǪ UP ǳǪ ON PG UIF MJQPTPNFT XBT PCTFSWFE
XIFO USFBUFE XJUI UIFSNPMZTJO JOEJDBUJOH UIBU UIF USFBUNFOU XJUI UIFSNPMZTJO EJE JO GBDU IBWF
BO FêFDU PO UIF NFNCSBOF
" %11$%01&$IPMFTUFSPM%111 	ǬǪǮǪǭǪǫǪ
 GPSNVMBUJPO SFTVMUFE JO B ǫǝ IJHIFS SF
MFBTF XIFO USFBUFE XJUI UIFSNPMZTJO DPNQBSFE UP XJUIPVU ɨF EJêFSFODF IPXFWFS JT OPU
TJHOJëDBOU BOE GVSUIFS JNQSPWFNFOU PG UIF GPSNVMBUJPO JT OFFEFE GPS PCUBJOJOH DPOWJODJOH SF
TVMUT *U TIPVME BMTP CF OPUFE UIBU UIF GPSNVMBUJPO IBE B IJHI EFHSFF PG FODBQTVMBUJPO DPNQBSFE
UP UIF TUFBMUIMJLF GPSNVMBUJPOT *O BEEJUJPO POMZ B NPEFTU TJ[F JODSFBTF GSPN ǫǪǪ UP ǫǯǪ ON
XBT PCTFSWFE VQPO USFBUNFOU XJUI UIFSNPMZTJO
ɨF UISFF %11$ GPSNVMBUJPOT DPOUBJOJOH ǫǪ NPMǝ %-11 %.11 PS %111 IBE B IJHI
EFHSFF PG SFMFBTF XJUI BOE XJUIPVU UIFSNPMZTJO ɨJT NJHIU CF DBVTFE CZ UIF JODVCBUJPO UIBU
FOUBJMFE IFBUJOH UIF GPSNVMBUJPO DMPTF UP UIF Tm PG %11$ SFTVMUJOH JO SFMFBTF EVF UP UIF JOUFS
GBDJBM NFNCSBOF SFHJPOT BT PCTFSWFE GPS IFBUTFOTJUJWF MJQPTPNFT <ǲǲ ǲǳ> " TJNJMBS SFTVMU XBT
PCUBJOFE GPS %11$%111 	ǳǪǫǪ
 MPBEFE XJUI Ǯ NHN- DJTQMBUJO ɨF TJ[F PG %11$%-11
	ǳǪǫǪ
 BOE %11$%.11 	ǳǪǫǪ
 MJQPTPNFT JODSFBTFE TJHOJëDBOUMZ VQPO USFBUNFOU XJUI
UIFSNPMZTJO %VF UP UIF WFSZ IJHI 1%* PCTFSWFE GPS CPUI TBNQMFT UIF %-4 EBUB XFSF BN
CJHVPVT 	GPS SBX EBUB TFF 'JHVSF ǰ TFF TVQQMFNFOUBSZ JOGPSNBUJPO DIBQUFS Ǳ
 *O UIF DBTF PG
%11$%111 	ǳǪǫǪ
 MJQPTPNFT MPBEFE XJUI ǫNHN- DJTQMBUJO OP TJHOJëDBOU TJ[F JODSFBTF XBT
PCTFSWFE 6TJOH B ǮNHN- MPBEJOH UIF TJ[F PG UIF MJQPTPNFT JODSFBTFE GSPN SPVHIMZ ǳǪ ON
UP ǫǯǪǪ ON VQPO USFBUNFOU XJUI UIFSNPMZTJO " TJ[F JODSFBTF GSPN ǳǪ UP ǭǯǪ ON XBT PC
TFSWFE GPS %11$%111 	ǳǪǫǪ
 XJUI B Ǯ NHN- MPBEJOH PG DJTQMBUJO XJUIPVU USFBUNFOU XJUI
UIFSNPMZTJO JOEJDBUJOH UIBU UIF GPSNVMBUJPO XBT OPU TUBCMF EVSJOH UIF JODVCBUJPO
4VSQSJTJOH SFTVMUT XFSF PCTFSWFE GPS UIF UXP GPSNVMBUJPOT PG %01&%111 	ǳǪǫǪ
 BOE
%01&101$%111 	ǱǬǫǲǫǪ
 *U XBT FYQFDUFE GSPN UIF SFTVMUT PG UIF EJUIJPOJUF TUVEJFT
	TFF TFDUJPO Ǯǭ
 UIBU UIFTF UXP GPSNVMBUJPO XPVME IBWF B IJHI SFMFBTF EVF UP NFNCSBOF SF
BSSBOHFNFOU VQPO USFBUNFOU XJUI UIFSNPMZTJO )PXFWFS OP TJHOJëDBOU EJêFSFODF JO SFMFBTF
XBT PCTFSWFE GPS UIF TBNQMFT USFBUFE XJUI UIFSNPMZTJO BOE UIF POFT XJUIPVU 'VSUIFSNPSF
UIFSF XFSF MBSHF WBSJBUJPOT JO UIF FODBQTVMBUJPO QFSDFOUBHF PG UIF UXP GPSNVMBUJPOT 4JNJMBS
ǯǬ
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ǯǫ $PODMVEJOH SFNBSLT
SFTVMUT XFSF PCTFSWFE GPS %01&101$%111 	ǱǬǫǲǫǪ
 MPBEFE XJUI Ǯ NHN- DJTQMBUJO 'PS
%01&%111 	ǳǪǫǪ
 MJQPTPNFT UIF TJ[F JODSFBTFE GSPN ǳǮ UP Ǭǭǭ ON XJUIPVU SFTVMUJOH JO B
IJHI SFMFBTF PG DJTQMBUJO BT FYQFDUFE ɨF NFBO EJBNFUFS PG %01&101$%111 	ǱǬǫǲǫǪ

MJQPTPNFT BMTP JODSFBTFE TJHOJëDBOUMZ IPXFWFS UIF IJHI 1%* JOEJDBUFE UIBU UIF %-4 NFB
TVSFNFOUT XFSF BNCJHVPVT 	GPS SBX EBUB TFF 'JHVSF ǰ TFF TVQQMFNFOUBSZ JOGPSNBUJPO DIBQUFS
Ǳ
 ɨF TJ[F JODSFBTF PG %01&%111 	ǳǪǫǪ
 BOE %01&101$%111 	ǱǬǫǲǫǪ
 MJQPTPNFT
XBT NVDI TNBMMFS UIBO PCTFSWFE GPS TJNJMBS GPSNVMBUJPOT XJUIPVU DJTQMBUJO 	TFF 'JHVSF ǮǫǱ
TFDUJPO Ǯǭ
 JOEJDBUJOH UIBU DJTQMBUJO BêFDUT UIF QSPQFSUJFT PG UIF NFNCSBOF XIJDI NBZ CF
UIF SFBTPO XIZ OP TJHOJëDBOU SFMFBTF XBT PCTFSWFE *U IBT CFFO SFQPSUFE UIBU DJTQMBUJO JOUFS
BDUT XJUI OFHBUJWFMZ DIBSHFE NFNCSBOFT BU MPX TBMU DPODFOUSBUJPOT <ǫǲǮ ǫǲǯ> XIJDI EPFT
OPU TVQQPSU UIF QPTTJCJMJUZ PG DJTQMBUJO JOUFSBDUJOH XJUI UIF %01& NFNCSBOF )PXFWFS UIF
NFUIPE VTFE UP EFUFSNJOF UIF JOUFSBDUJPO CFUXFFO OFHBUJWFMZ DIBSHFE MJQJET BOE DJTQMBUJO EJG
GFST GSPN UIF POF VTFE JO UIJT UIFTJT 'VSUIFSNPSF DJTQMBUJO XBT PCTFSWFE JO UIF SFUFOUBUF PG UIF
%01&%111 	ǳǪǫǪ
 BOE %01&101$%111 	ǱǬǫǲǫǪ
 MJQPTPNFT 	EBUB OPU TIPXO
 JOEJ
DBUJOH UIBU UIF MJQPTPNFT JODSFBTF JO TJ[F PS GPSN BHHSFHBUFT VQPO USFBUNFOU XJUI UIFSNPMZTJO
XIJMF QSFWFOUJOH SFMFBTF PG DJTQMBUJO ɨFSFGPSF UIF EBUB PCUBJOFE JO UIFTF TUVEJFT TVHHFTUT UIBU
FO[ZNFUSJHHFSFE SFMFBTF PG DJTQMBUJO GSPN%01&NFNCSBOFT JT TJHOJëDBOUMZ NPSF DPNQMJDBUFE
UIBO JOJUJBMMZ QSFTVNFE
ĖĊ $PODMVEJOH SFNBSLT
$JTQMBUJO XBT TVDDFTTGVMMZ FODBQTVMBUFE JO TFWFSBM MJQPTPNBM GPSNVMBUJPO DPOTJTUJOH PG FJUIFS
%01& PS %11$ BT UIF NBJO DPNQPOFOU &ODBQTVMBUJPO PG DJTQMBUJO JO BMM GPSNVMBUJPOT XBT
BDIJFWFE IPXFWFS OP DPOWJODJOH SFTVMUT EFNPOTUSBUJOH BDUJWF SFMFBTF EVF UP FO[ZNF BDUJWJUZ
XFSF PCUBJOFE ɨF TJ[F PG UIF MJQPTPNFT XFSF EFUFSNJOFE CFGPSF BOE BGUFS JODVCBUJPO XJUI
UIFSNPMZTJO 'PS GPSNVMBUJPOT DPOUBJOJOH IJHI BNPVOUT PG %01& UIF FYQFDUFE TJ[F JODSFBTF
EVF UP NFNCSBOF SFBSSBHFNFOU JO SFMBUJPO UP FBSMJFS TUVEJFT 	TFF TFDUJPO Ǯǭ
 XBT OPU PCTFSWFE
ɨF %-4 EBUB JOEJDBUFE UIBU DJTQMBUJO JO TPNF DBTFT BêFDUFE UIF GPSNVMBUJPO SFTVMUJOH JO JO
DPODMVTJWF EFUFSNJOBUJPO PG UIF MJQPTPNF TJ[F JO UIPTF QBSUJDVMBUF TBNQMFT 'VSUIFS TUVEJFT BSF
OFFEFE JG BDUJWF SFMFBTF PG DJTQMBUJO EVF UP FO[ZNF BDUJWJUZ JT UP CF BDIJFWFE *U NJHIU CF QSVEFOU
UP SFQMBDF DJTQMBUJO XJUI BOPUIFS BOUJ DBODFS BHFOU UP WFSJGZ UIF TVTQJDJPO UIBU DJTQMBUJO FêFDUT
NFNCSBOFT DPOUBJOJOH %01& 'VSUIFS TUVEJFT TIPVME GPDVT PO PCUBJOJOH SFMFBTF PG DJTQMBUJO
GSPN TUFBMUIMJLF GPSNVMBUJPOT PS VTF PUIFS ESVH NPMFDVMFT UP TUVEZ UIF SFMFBTF GSPN %01&
NFNCSBOFT
ǯǯ

Chapter6
&QJMPHVF
ɨFNBJO HPBM GPS UIJT UIFTJT XBT UP HBJO B NPSF GVOEBNFOUBM LOPXMFEHF OFDFTTBSZ GPS EFTJHOJOH
B NBUSJY NFUBMMPQSPUFJOBTF TFOTJUJWF MJQPTPNBM ESVH EFMJWFSZ TZTUFN VTJOH B SBUJPOBM BQQSPBDI
ɨF ëSTU QBSU PG UIF XPSL QSFTFOUFE IFSF GPDVTFE PO IPX TVSGBDF NPEJëDBUJPOT PG MJQPTPNFT
FêFDU UIF FO[ZNBUJD BDUJWJUZ PG ..1Ǭ UPXBSET B TVSGBDFBODIPSFE TVCTUSBUF ɨJT LOPXMFEHF
JT VTFGVM XIFO BJNJOH BU VUJMJTJOH B IJHIMZ VQSFHVMBUFE FO[ZNF JO UVNPVS UJTTVF BT B TJUFTQFDJëD
USJHHFS ɨF PCUBJOFE SFTVMUT TVHHFTU UIBU MJQPTPNFT VUJMJTJOH ..1Ǭ USJHHFSFE SFMFBTF NBZ CF
UXFBLFE UP SFMFBTF UIF FODBQTVMBUFE ESVH BDDPSEJOH UP UIF EFTJSFE QIBSNBDPEZOBNJD QSPëMF
'VSUIFSNPSF ..1Ǭ EPFT OPU IBWF UIF TBNF SFTUSJDUJPOT UPXBSET NFNCSBOF DPNQPTJUJPO BT
T1-"2
ɨF TFDPOE QBSU PG UIF XPSL QSFTFOUFE IFSF GPDVTFE PO DIBSBDUFSJTJOH UISFF TZOUIFTJTFE
MJQPQFQUJEFT BOE UIF FêFDU PG EF1&(ZMBUJPO PO MJQPTPNBM NFNCSBOFT ɨF MJQPQFQUJEFT FY
IJCJUFE TUBCJMJUZ TJNJMBS UP %41&1&(2000 BOE JOEJDBUFE B ëSN BODIPSJOH JO CPUI HFM BOE
ìVJE NFNCSBOFT XIFO OP FO[ZNF XBT QSFTFOU %F1&(ZMBUJPO TUVEJFT TIPXFE B DIBOHF JO
NPSQIPMPHZ VQPO FO[ZNF BDUJWBUJPO GPS NFNCSBOFT DPOUBJOJOH %01& XIFSF BT NPSF TUBCMF
NFNCSBOFT DPOTJTUJOH PG 101$ PS %11$ EJE OPU TIPX UIF TBNF DIBOHF JO DPOGPSNBUJPO
'JOBMMZ WBSJPVT MJQPTPNBM GPSNVMBUJPOT XFSF MPBEFE XJUI DJTQMBUJO BOE FO[ZNBUJD USJHHFSFE
SFMFBTF XBT TUVEJFE ɨF SFTVMUT TIPXFE UIBU JU XBT QPTTJCMF UP FODBQTVMBUF DJTQMBUJO JO BMM UIF
UFTUFE GPSNVMBUJPOT /P DPOWJODJOH SFTVMUT PG BDUJWF SFMFBTF XFSF PCTFSWFE )PXFWFS BEWBODFT
NBZ CF QPTTJCMF CZ SFQMBDJOH DJTQMBUJO XJUI PUIFS BOUJDBODFS BHFOUT
0WFSBMM UIF XPSL QSFTFOUFE JO UIJT UIFTJT TIPXT UIBU JOWFTUJHBUJOH ESVH EFMJWFSZ TZTUFNT PO
B NPMFDVMBS CBTJT JT OFDFTTBSZ UP BUUBJO UIF OFFEFE LOPXMFEHF UP EFTJHO OPWFM EFMJWFSZ TZTUFNT
VTJOH B SBUJPOBM BQQSPBDI %FTQJUF UIF EJïDVMUJFT UIF GVOEBNFOUBM LOPXMFEHF HBJOFE GSPN
UIFTF UZQFT PG TUVEJFT BSF UIF SFRVJSFE UP GVMëM 1BVM &ISMJDIhT WJTJPO PG B hNBHJD CVMMFUh GPS
USFBUNFOU PG DBODFS
ǯǱ

Chapter7
&YQFSJNFOUBM 1SPDFEVSF
.BUFSJBMT
ǫQBMNJUPZMǬPMFPZMTOHMZDFSPǭQIPTQIPDIPMJOF 	101$
 ǫǬEJPMFPZMǭUSJNFUIZMBNNPOJVN
QSPQBOF 	DIMPSJEF TBMU
 	%05"1
 ǫQBMNJUPZMǬPMFPZMTOHMZDFSPǭQIPTQIP	ǫh
SBDHMZDFSPM
 	TPEJVN TBMU
 	101(
 ǫǬEJQBMNJUPZMTOHMZDFSPǭQIPTQIPDIPMJOF
	%11$
 ǫǬEJTUFBSPZMTOHMZDFSPǭQIPTQIPDIPMJOF 	%41$
 DIPMFTUFSPM 	QMBOU

ǫǬEJPMFPZMTOHMZDFSPǭQIPTQIPFUIBOPMBNJOF 	%01&
 ǫǬEJPMFPZMTOHMZDFSPǭ
QIPTQIPFUIBOPMBNJOF/	ǱOJUSPǬǫǭCFO[PYBEJB[PMǮZM
 	BNNPOJVN TBMU
 	%01&
/#%
 ǫǬEJQBMNJUPZMTOHMZDFSPǭQIPTQIPFUIBOPMBNJOF/	ǱOJUSPǬǫǭCFO[PYBEJB[PM
ǮZM
 	BNNPOJVN TBMU
 	%11&/#%
 ǫǬEJQBMNJUPZMTOHMZDFSPǭQIPTQIPFUIBOPMBNJOF
/<NFUIPYZ	QPMZFUIZMFOF HMZDPM
ǬǪǪǪ> 	BNNPOJVN TBMU
 	%11&1&(2000
 ǫǬEJTUFBSPZM
TOHMZDFSPǭQIPTQIPFUIBOPMBNJOF/<NFUIPYZ	QPMZFUIZMFOF HMZDPM
ǬǪǪǪ> 	BNNPOJVN
TBMU
 	%41&1&(2000
 XFSF PCUBJOFE GSPN "WBOUJ 1PMBS -JQJET BOE VTFE XJUIPVU GVSUIFS
QVSJëDBUJPO "MM 'NPDQSPUFDUFE BNJOP BDJET )"56 BOE 14 3JOL"NJEF SFTJO 	ǪǲǭNNPMH

XFSF QVSDIBTFE GSPN (- #JPDIFN 	4IBOHIBJ
 $VTUPN NBEF 5FOUB(FM 1"1 .81&(2000
SFTJO 	ǪǭǮNNPMH
 XBT QVSDIBTFE GSPN3BQQ 1PMZNFSF 4MJEF"-Z[FS EJBMZTJT DBTTFUUFT 	&LTUSB
4USPOH ǫǪǪǪǪ .8$0 ǪǫǪǯ N- DBQBDJUZ
 XFSF QVSDIBDFE GSPN ɨFSNP 4DJFOUJëD 1PMZ
BDSZMBNJEF NJOJHFMT DPOUBJOJOH Ǫǫǝ HFMBUJOF ;ZNPHSBN 3FOBUVSJOH CVêFS BOE $PPNBTTJF
#MVF XFSF QVSDIBTFE GSPN *OWJUSPHFO 1SP..1Ǭ 	1'ǪǭǱ
 XFSF QVSDIBTFE GSPN .FSDL
#JPTDJFODF XIFSFBT UIFSNPMZTJO 	5ǱǳǪǬ
 BOE BMM PUIFS DIFNJDBMT XFSF QVSDIBTFE GSPN 4JHNB
"MESJDI BOE VTFE XJUIPVU GVSUIFS QVSJëDBUJPO ɨF MJQPQFQUJEF $)3	$)2
6$0/)*MF"TO
5SQ-ZT(MZ*MF"MB"MB.FU"MB-ZT-ZT-FV-FV/)Ǭ 	0D".19
 XBT LJOEMZ QSPWJEFE CZ
ɨPNBT &U[FSPEU %56 /BOPUFDI %FONBSL BOE VTFE XJUIPVU GVSUIFS QVSJëDBUJPO
4ZOUIFTJT
ɨF MJQPQFQUJEFT 	$)3	$)2
10$0/)
Ǭ%BQ5SQ*MF1SP7BM4FS-FV"SH4FS(MZ/)
$0	$)2$)20
450) 	%-11
 	$)3	$)2
12$0/)
Ǭ%BQ5SQ*MF1SP7BM4FS-FV
"SH4FS(MZ/)$0	$)2$)20
450) 	%.11
 BOE 	$)3	$)2
14$0/)
Ǭ%BQ
5SQ*MF1SP7BM4FS-FV"SH4FS(MZ/)$0	$)2$)20
450) 	%111
 XFSF TZOUIF
ǯǳ
Ǳ &ĈĀõĂùýõþĄñü 1ĂÿóõôąĂõ
TJTFE PO UIF DVTUPN NBEF 5FOUB(FM 1"1.81&(2000 SFTJO 	ǪǭǮ NNPMH
 CZ TUBOEBSE 'NPD
NFUIPEPMPHZ <ǫǲǰ> ɨF SFBDUJPOT XFSF DBSSJFE PVU JO B ǭǪ N- SFBDUJPO WFTTFM NPVOUFE PO B
TUJSSJOH BSN &BDI DPVQMJOH XBT BDIJFWFE CZ Ǯ FRVJW 'NPD QSPUFDUFE BNJOP BDJE ǭǳǲ FRVJW
)"56 BOE ǲ FRVJW $PMJEJOF JO %.' "DZMBUJPO XJUI MBVSJD BDJE 	-"
 NZSJTUJD BDJE 	."
 PS
1BMNJUJD BDJE 	1"
 XBT BDIJFWFE VTJOH Ǯ FRVJW BDJE ǭǳǲ FRVJW )"56 BOE ǲ FRVJW $PMJEJOF
JO %.'$)2$M2 	ǫǫ
 &BDI BDZMBUJPO BOE EFQSPUFDUJPO TUFQ XBT NPOJUPSFE CZ UIF ,BJTFS
OJOIZESJO UFTU <ǫǲǱ>ɨF MJQPQFQUJEF $)3	$)2
16$0/)"SH"SH"SH(MZ*MF 1SP7BM4FS
-FV"SH4FS(MZ(MZ"TQ"TQ"TQ/)2 	4"1&1
 XBT TZOUIFTJ[FE PO 143JOL"NJEF SFTJO
	ǪǲǭNNPMH
 VOEFS UIF TBNF DPOEJUJPOT BT EFTDSJCFE BCPWF FYDFQU UIF SFBDUJPO XFSF DBSSJFE
PVU JO B ǫǬ N- SFBDUJPO WFTTFM UIF DPVQMJOH PG UIF BNJOP BDJE "SH XBT EPOF UISFF UJNFT GPS
FBDI BSHJOJOF BOE UIF BDZMBUJPO XBT EPOF XJUI TUSFBSJD BDJE 	4"
 $MFBWBHF GSPN UIF TPMJE
TVQQPSU XBT EPOF XJUI B NJYUVSF PG 5'"5*4)20 	ǳǯǬǯǬǯ
 GPS ǭ× ǫI ɨF DMFBWFE SFTJO
XBT ëMUFSFE Pê BOE XBTIFE TFWFSBM UJNFT XJUI 5'" ɨF DPNCJOFE ëMUSBUFT XFSF SFEVDFE JO
WBDVP BOE TUJSSFE PWFSOJHIU BT BO BRVFPVT TVTQFOTJPO CFGPSF MZPQIJMJTFE GSPN B NJYUVSF PG
XBUFS BOE BDFUPOJUSJMF UP HJWF UIF DSVEF QSPEVDU BT B ZFMMPXXIJUF QPXEFS ɨF DSVEF QSPEVDU
PG %-11 %.11 BOE %111 XBT QVSJëFE CZ TFNJQSFQBSBUJWF 31)1-$ PO B 8BUFST TZTUFN
	$PNQPOFOUT ǬǮǲǳ 677JTJCMF %FUFDUPS ǰǪǪ $POUSPMMFS ǰǪǪ 1VNQ *OMJOF %FHBTTFS "'

'PS BOBMZUJDBM 31)1-$ B 4IJNBE[V -$ǬǪǫǪ$ -JRVJE $ISPNBUPHSBQI TZTUFN XBT VTFEɨF
DSVEF QSPEVDU PG 4"1&1 XBT QVSJëFE CZ TFNJQSFQBSBUJWF 31)1-$ PO B ,OBVFS 4NBSUMJOF
	$PNQPOFOUT .BOBHFS ǯǪǪǪ 1VNQ ǫǪǪǪ 67 %FUFDUPS ǬǯǪǪ
 BOE UIJT TZTUFN XBT BMTP VTFE
GPS BOBMZUJDBM )1-$ PG 4"1&1 ɨF NPOPJTPUPQJD NBTT PG UIF %-11 %.11 %111 BOE
4"1&1 XBT EFUFSNJOFE PO B #SVLFS 3FìFY *7 ."-%*50' 4QFDUSPNFUFS
$POEJUJPOT GPS "OBMZUJDBM )1-$
"OBMZUJDBM )1-$ GPS %-11 %.11 BOE %111 XBT QFSGPSNFE XJUI B 8BUFST 9UFSSB $ǫǲ ǯμN
	ǫǯǪYǮǰNN
 DPMVNO &MVFOU 	"
 Ǫǫǝ 5'" JO )20 	#
 Ǫǫǝ 5'" JO $)3$/ &MVFOU QSP
ëMF GPS UIF %-11 %.11 BOE %111 ǪǬǪ NJO MJOFBS HSBEJFOU ǪǫǪǪǝ # ǬǪǬǬNJO ǫǪǪǝ #
ǬǬǬǭNJO MJOFBS HSBEJFOU ǫǪǪǪǝ # BOE ǬǭǭǪNJO Ǫǝ # 'MPX SBUF ǫ N-NJO 67EFUFDUJPO
BU ǬǪǰ BOE ǬǲǪ ON "OBMZUJDBM )1-$ GPS 4"1&1 XBT QFSGPSNFE XJUI B ,OBVFS &VSPTQIFSF
ǫǪǪǯ $ǫǲ 	ǬǯǪYǮǰNN
 DPMVNO &MVFOU 	"
 Ǫǫǝ 5'" JO )20 	#
 Ǫǫǝ 5'" JO $)3$/
&MVFOU QSPëMF GPS UIF MJQPQFQUJEF ǫ ǪǰNJO ǫǪǝ # ǰǫǯNJO MJOFBS HSBEJFOU ǫǪǫǪǪǝ # ǫǯ
ǬǭNJO ǫǪǪǝ # ǬǭǬǯNJO MJOFBS HSBEJFOU ǫǪǪǫǪǝ # BOE ǬǯǭǪNJO ǫǪǝ # 'MPX SBUF ǫ
N-NJO 67EFUFDUJPO BU ǬǪǰON
$POEJUJPOT GPS 4FNJQSFQBSBUJWF )1-$
ɨF QVSJëDBUJPO PG UIF DSVEF %-11 %.11 BOE %111 XFSF QFSGPSNFE XJUI B 8BUFST 9UFSSB
$ǫǲ ǯμN 	ǫǯǪYǫǳNN
 DPMVNO &MVFOU 	"
 Ǫǫǝ 5'" JO )20 	#
 Ǫǫǝ 5'" JO $)3$/
&MVFOU QSPëMF GPS UIF MJQPQFQUJEFT ǪǬǪ NJO MJOFBS HSBEJFOU ǪǫǪǪǝ # ǬǪǬǬNJO ǫǪǪǝ # ǬǬ
ǬǭNJO MJOFBS HSBEJFOU ǫǪǪǪǝ # BOE ǬǭǭǪNJO Ǫǝ # 'MPX SBUF ǫǳ N-NJO 67EFUFDUJPO BU
ǬǪǰ BOE ǬǲǪONɨF QVSJëDBUJPO PG UIF DSVEF 4"1&1 XBT QFSGPSNFE PO B ,OBVFS &VSPTQIFSF
ǫǪǪǯ $ǫǲ 	ǬǯǪYǬǪNN
 DPMVNO &MVFOU 	"
 Ǫǫǝ 5'" JO )20 	#
 Ǫǫǝ 5'" JO $)3$/
ǰǪ
&MVFOU QSPëMF GPS UIF MJQPQFQUJEF ǫ ǪǫNJO ǫǪǝ # ǫǫǪNJO MJOFBS HSBEJFOU ǫǪǯǪǝ # ǫǪ
ǫǬNJO MJOFBS HSBEJFOU ǯǪǫǪǪǝ # ǫǬǫǰNJO ǫǪǪǝ # ǫǰǫǲNJO MJOFBS HSBEJFOU ǫǪǪǫǪǝ #
BOE ǫǲǬǪNJO ǫǪǝ # 'MPX SBUF ǫǯ N-NJO 67EFUFDUJPO BU ǬǪǰON
-JQPTPNF 'PSNBUJPO
-BSHF VOJMBNFMMBSF WFTJDMFT 	-67
 MJQPTPNFT XFSF QSFQBSFE CZ VTJOH TUPDL TPMVUJPOT PG EJTTPMW
JOH MJQJET JO ǫǫ DIMPSPGPSNNFUIBOPM BOE UIF EFTJSFE DPNQPTJUJPO PG MJQJET XFSF NJYFE BOE
ESJFE VTJOH B HFOUMF TUSFBN PG OJUSPHFO ëOBMMZ CFJOH JODVCBUFE JO WBDVVN PWFSOJHIU ɨF MJQJE
NJYUVSFT XFSF IZESBUFE BU ǰǯ◦$ JO CVêFS GPS ǫI FYQPTFE UP GSFF[FUIBX DZDMFT VOUJM B IP
NPHFOPVT TVTQFOTJPO XBT BDIJFWFE BOE FYUSVEFE 	"WBOUJ NJOJFYUSVEFS "WBOUJ 1PMBS -JQJET
"MBCBNB 64"
 Ǭǫ UJNFT UISPVHI B ǫǪǪ ON QPMZDBSCPOBUF ëMUFS 	"WBOUJ 1PMBS -JQJET
 SFTVMUJOH
JO B MJQPTPNF TVTQFOTJPOT PG UIF EFTJSFE DPODFOUSBUJPO -BSHF NVMUJMBNFMMBS WFTJDMFT 	.-7T

XFSF GPSNVMBUFE CZ IZESBUJPO PG %11$ JO )&1&4 CVêFS BU ǰǯ◦$ GPS ǫI BOE WPSUFY GPS ǭǪ
TFDPOET FWFSZ ǫǪ NJO
-67 MJQPTPNFT DPOUBJOJOH 4"1&1 XFSF QSFQBSFE CZ VTJOH TUPDL TPMVUJPOT PG UIF MJQJET
JO ǫǫ UFSUCVUBOPMXBUFS ɨF ëOBM DPODFOUSBUJPO PG UIF 4"1&1 %05"1 BOE 101( XBT ǫ
NHN- BOE ǮNHN- GPS 101$ %41&1&(2000 XBT QSFQBSFE JO ǫǭ UFSUCVUBOPMXBUFS UP
B ëOBM DPODFOUSBUJPO PG ǫ NHN- "MM MJQPTPNF GPSNVMBUJPOT DPOTJTUFE PG 101$ BT UIF NBJO
NFNCSBOF DPNQPOFOU BOE DPOUBJOFE ǯNPMǝ 4"1&1 'PS%05"1 101( PS%41&1&(2000
GPSNVMBUJPOT UIF EFTJSFE BNPVOU PG MJQJE XBT BEEFE PO UIF FYQFOTF PG 101$ NBUFSJBM ɨF
BQQSPQSJBUF WPMVNFT PG MJQJE NBUFSJBM XBT NJYFE GSP[FO JO MJRVJE OJUSPHFO BOE MZPQIJMJ[FE
PWFSOJHIU UP ZJFME B MJQJE ëMN XJUI UIF EFTJSFE MJQJE DPNQPTJUJPO ɨFTF MJQJE TVTQFOTJPOT XFSF
UIFO IZESBUFE BOE FYUSVEFE BT FBSMJFS EFTDSJCFE
#VìFS BOE &O[ZNF 4PMVUJPOT
)ZESBUJPOT PG UIF MJQPTPNFT XFSF EPOF JO ǫǪN.)&1&4 	Q)  Ǳǯ
 BOE ǫǯǪN./B$M VOMFTT
TUBUFE PUIFSXJTF 'PS FO[ZNBUJD DMFBWBHF PG %-11 %.11 BOE %111 UIF MJQPTPNF TVTQFOTJPO
XBT NJYFE ǫǫ XJUI B TUPDL TPMVUJPO PG UIFSNPMZTJO DPOTJTUJOH PG ǪǮ NHN- UIFSNPMZTJO JO ǯǪ
N. )&1&4 	Q)Ǳǯ
 ǫǪǪ N. /B$M ǫ N. $B$M2 BOE Ǭμ. ;O$M2 4UPDL TPMVUJPO PG DJT
QMBUJO XBT EJTTPMWFE JO UIF )&1&4 CVêFS TPMVUJPO VTFE GPS IZESBUJOH MJQPTPNFT 'PS RVFODIJOH
UIF /%# ìVPSFTDFODF TJHOBM B TPMVUJPO PG ǫǪ N. )&1&4 BOE ǫǪǪ N. /B2404 XBT VTFE
ɨF CVêFS VTFE GPS EJMVUJPO PG TBNQMFT QSJPS UP FO[ZNF TUVEJFT XJUI 4"1&1 DPOUBJOFE ǯǪ N.
5SJT)$M 	Q)  Ǳǯ
 DPOUBJOJOH ǫǯ N./B$M Ǫǯ N.$B$MǬ BOE ǫǪ μ.;O$MǬɨF CVêFS
VTFE UP BDUJWBUF QSP..1Ǭ XBT B NJYUVSF PG ǫ μ- BNJOPQIFOZM NFSDVSJD BDFUBUF 	"1."

JO %.40 	ǫ .
 BOE ǳǳǳ μ- 5SJT CVêFS
%ZOBNJD -JHIU 4DBUUFSJOH
ɨF TJ[F PG MJQJE TVTQFOTJPOT XBT NFBTVSFE CZ EZOBNJD MJHIU TDBUUFSJOH PO B ;FUB1"-4 [FUB
QPUFOUJBM BOBMZTFS GSPN #SPPLIBWFO *OTUSVNFOUT PS B .BMWFSO ;FUBTJ[FS /BOP
ǰǫ
Ǳ &ĈĀõĂùýõþĄñü 1ĂÿóõôąĂõ
&O[ZNF "DUJWJUZ 4UVEJFT PO -JQPTPNFT $POUBJOJOH 4"1&1
'PS B ëOBM DPODFOUSBUJPO PG ǫǲ O. ..1Ǭ UIF GPMMPXJOH QSPDFEVSF XBT VTFE Ǭ μ- PG QSP
..1Ǭ 	ǪǭǱ μHμ-
 XBT BDUJWBUFE XJUI ǭǬǲ μ- BDUJWBUJPO CVêFS BOE JODVCBUFE GPS ǬǪ NJO
BU ǭǱ◦$ ǳǪ μ- PG MJQPTPNF TPMVUJPO XBT BEEFE UP ǫǫǪ μ- BDUJWBUFE FO[ZNF NJYUVSF 4BN
QMFT XFSF FYUSBDUFE BU ǫ ǯ ǫǪ ǫǯ ǬǪ ǭǪ ǮǪ ǰǪ ǫǬǪ BOE ǬǮǪ NJO BOE GSP[FO JNNFEJBUFMZ
JO ǬQSPQBOPMESZJDF BOE LFQU GSP[FO VOUJM BOBMZTJT CZ ."-%*50' .4 XIJDI XFSF BMXBZT
DPOEVDUFE XJUIJO ǰ IPVST BGUFS JOJUJBUJPO PG UIF FYQFSJNFOU ɨF GSP[FO TBNQMFT GSPN UIF FO
[ZNF BDUJWJUZ TUVEJFT XFSF BOBMZTFE PO B #SVLFS 3FìFY *7."-%*50'.4 TQFDUSPNFUFS VTJOH
B NJYUVSF PG ǬǯEJIZESPYZCFO[PJD BDJE 	ǲǲǲǲ NHN-
 BOE βDZDMPEFYUSJO 	Ǫǫǭ NHN-
 JO
.F0) BT NBUSJY ɨF TBNQMFT XFSF NJYFE XJUI UIF NBUSJY TPMVUJPO ǫǳ QSJPS UP BOBMZTJT BOE
BQQMJFE JO USJQMJDBUFT UP UIF TBNQMF QSPCF 4JNJMBS TUVEJFT XFSF DPOEVDUFE GPS B ëOBM ..1Ǭ
DPODFOUSBUJPO PG ǯǰ O. BOE B UIFSNPMZTJO DPODFOUSBUJPO PG Ǭǰ O. FYDFQU OP BDUJWBUJPO PG
UIFSNPMZTJO XBT OFFEFE
;ZNPHSBQIZ
(FMBUJOF [ZNPHSBQIZ XBT QFSGPSNFE JO QSFDBTU ǫǪǝ QPMZBDSZMBNJEF NJOJHFMT DPOUBJOJOH Ǫǫǝ
HFMBUJOF 	*OWJUSPHFO
 1SP..1Ǭ 	ǯǪOHμM .FSDL
 XBT JODVCBUFE JO UIF QSFTFODF PG ǫ.
"1." 	4JHNB
 GPS EJêFSFOU QFSJPET PG UJNF CFGPSF ǫOH FO[ZNF XBT BEEFE UP FBDI MBOF 4BN
QMFT XFSF SVO JO OPOSFEVDJOH DPOEJUJPOT XJUIPVU QSJPS CPJMJOH "GUFS FMFDUSPQIPSFTJT HFMT XFSF
XBTIFE JO ;ZNPHSBN 3FOBUVSJOH #VêFS 	*OWJUSPHFO
 GPS ǭǪ NJO BU SPPN UFNQFSBUVSF XJUI
HFOUMF BHJUBUJPO UP BMMPX QSPUFJOT UP SFOBUVSF ɨF HFMT XFSF UIFO JODVCBUFE JO ;ZNPHSBN %F
WFMPQJOH #VêFS 	*OWJUSPHFO
 GPS ǭǪ NJO BU SPPN UFNQFSBUVSF 4VCTFRVFOUMZ GSFTI ;ZNPHSBN
%FWFMPQJOH #VêFS XBT BEEFE BOE UIF HFMT XFSF JODVCBUFE GPS ǫǰI BU ǭǱ◦$ ɨF [ZNPHSBNT
XFSF TUBJOFE XJUI $PPNBTTJF #MVF 	*OWJUSPHFO
 GPS ǬǮI BOE EFTUBJOFE JO XBUFS CFGPSF TDBOOJOH
VTJOH B )1 +FUTDBO ǮǲǳǪ
1IPTQIPS DPODFOUSBUJPO BOBMZTJT
ɨF QIPTQIPS DPODFOUSBUJPO PG MJQJE TVTQFOTJPOT XBT SPVUJOFMZ EFUFSNJOFE DIFNJDBMMZ CZ VT
JOH UIF NFUIPE EFTDSJCFE CZ *UBZB BOE 7J <ǫǲǲ> ɨF QIPTQIPS DPODFOUSBUJPO PG UIF MJQJE
TVTQFOTJPOT VTFE GPS UIF EJBMZTJT TUVEJFT BOE UIF MJQJE TVTQFOTJPOT DPOUBJOJOH DJTQMBUJO BOE
XFSF EFUFSNJOFE CZ *$1.4 PO BO *OEVDUJWFMZDPVQMFE QMBTNB NBTT TQFDUSPNFUSZ 	*$1.4
1FSLJO &MNFS &MBO ǰǪǪǪ
 FRVJQQFE XJUI B DSPTTìPX OFCVMJ[FS ɨF TBNQMF XBT QSPQFMMFE BU B
ìPX SBUF PG Ǫǯ N-NJO CZ B QFSJTUBMUJD QVNQ 	(JMTPO NPEFM ǭǫǬ
 ɨF CBDLHSPVOE QSFTTVSF
PG UIF NBTT TQFDUSPNFUFS XBT 1.8 × 10−6 5PSS BOE UIF XPSLJOH QSFTTVSF XBT 1.25 × 10−5
5PSS ɨF QMBTNB XBT QPXFSFE BU ǫǬǪǪ 8 BOE UIF OFCVMJ[FS ìPX XBT Ǫǳ MNJO ɨF JTPUPQF PG
QIPTQIPSPVT BU ǭǪǳǳǭǲ BNV XBT NFBTVSFE VTJOH ǫǪ TXFFQTSFBEJOH ǫ SFBEJOHSFQMJDBUF BOE ǯ
SFQMJDBUFT JO UIF QFBLIPQQJOH NPEF XJUI ǫǪǪ NT EXFMM UJNF ɨF EFUFDUPS XBT JO QVMTF NPEF
BOE UIF BVUPMFOT XBT Pê ɨF TFUUJOHT PG UIF MFOT WPMUBHFT XFSF -FOT WPMUBHF  ǫǪ 7 "OBMPH
QVMTF TUBHF WPMUBHF  Ǭǳǰǯǰǭ 7 1VMTF TUBHF WPMUBHF  ǫǭǪǪ 7 EJTDSJNJOBUJPO UISFTIPME  ǫǯ 7
BOE UIF "$ 3PE PêTFU XBT Ǫǯ 7ɨF QFSGPSNBODF PG UIF *$1.4 XBT DPOUSPMMFE CZ BOBMZTJOH
ǰǬ
B TPMVUJPO DPOUBJOJOH ǫǪμHM PG UIF FMFNFOUT .H 3I BOE 1C UIBU QSPWJEFE DPVOU OVNCFST BT
BQQSPY 5× 104 DQT 1× 105 DQT BOE 1× 105 SFTQFDUJWFMZ EVSJOH EBJMZ QFSGPSNBODF UFTUT
/#% RVFODIJOH XJUI TPEJVN EJUIJPOJUF
ɨFNFUIPE GPS RVFODIJOH /%# XJUI /B2404 XBT EFSJWFE GSPN UIF NFUIPEFT VTFE CZ .D*O
UVSF  4MFJHIU <ǫǱǮ> BOE .JMMT  /FFEIBN <ǫǱǯ> -JQPTPNF TVTQFOTJPOT DPOUBJOJOH ǪǯNPMǝ
%01&/#% PS %11&/#% XFSF NJYFE XJUI UIF UIFSNPMZTJO TUPDL TPMVUJPO 	ǫǫ
 BOE JO
DVCBUFE BU ǭǱ◦$ PWFSOJHIU UPHFUIFS XJUI B DPOUSPM TBNQMF XJUIPVU FO[ZNF ɨF JODVCBUFE
TBNQMFT XFSF EJMVUFE UP ǫǪǪμ. BOE B ìVPSFTDFODF UJNF TDBO PG /%# XBT NFBTVSFE PO B )J
UBDIJ 'ǱǪǪǪ '- 4QFDUSPQIPUPNFUFS "O FYDJUBUJPO XBWFMFOHUI PG ǮǰǱ ON BOE BO FNJTTJPO
XBWFMFOHUI PG ǯǭǫ ON XFSF VTFE &YJUBUJPO BOE FNJTTJPO TMJUT XFSF ǬǪ ON ɨF FYDJUBUJPO QP
MBSJ[FS XBT PSJFOUFE BU ǳǪ◦ SFMBUJWF UP UIF WFSUJDBM BOE UIF FNJTTJPO QPMBSJTFS XBT PSJFOUFE BU Ǫ◦
4QFDUSB XFSF NFBTVSFE VTJOH B Ǯ× ǫǪNN DVWFUUF BOE DPMMFDUFE XJUI B TDBO UJNF PG ǰǪǪ T XJUI
BO JODSFNFOU PG ǪǬ T "GUFS ǫǪǪ T ǯǪμM PG B GSFTIMZ NBEF )&1&4 CVêFS DPOUBJOJOH TPEJVN
EJUIJPOJUF XBT BEEFE UP ǫ N- MJQJE TVTQFOTJPO BOE BGUFS TUBCJMJTBUJPO PG UIF ìVPSFTDFODF TJHOBM
ǫǪμM ǫǪǝ WW USJUPO YǫǪǪXBT BEEFE
ɨF ìVPSFTDFODF TJHOBM PG ǯǪμ. BOE ǫ N. %-11 %.11 PS %111 TVTQFOTJPOT DPOUBJO
JOH ǪǯNPMǝ %11&/#% XBT RVFODIFE JO UIF TBNF XBZ BT UIF MJQPTPNFT TVTQFOTJPOT ɨF
NFBTVSFNFOUT XFSF DPOEVDUFE PO B 4-. ǲǪǪǪ TQFDUSPìVPSPNFUFS FRVJQQFE XJUI B TJOHMF
HSBUJOH FNJTTJPO NPOPDISPNBUPS BOE B EPVCMFHSBUJOH FYDJUBUJPO NPOPDISPNBUPS "O FYDJUB
UJPO XBWFMFOHUI PG ǮǱǪ ON BOE BO FNJTTJPO XBWFMFOHUI PO ǯǮǫ XFSF VTFE &YDJUBUJPO TMJUT XFSF
TFU UP B CBOEQBTT PG ǫǰ ON BOE FNJTTJPO TMJUT XFSF ǲ ɨF FNJTTJPO QPMBSJTFS XBT PSJFOUFE BU Ǫ◦
SFMBUJWF UP UIF WFSUJDBM BOE UIF FYDJUBUJPO QPMBSJ[FS XBT PSJFOUFE BU ǳǪ◦ 4QFDUSB XFSF NFBTVSFE
VTJOH B Ǯ×ǫǪ NN DVWFUUF BOE DPMMFDUFE XJUI B TDBO UJNF PG ǰǪǪ T XJUI ǰǪǪ JODSFNFOUT BOE BO
JOUFHSBUJPO UJNF PG ǪǱǯ T
%JBMZTJT QBSUJUJPOJOH TUVEJFT
ǭǪǪμ- ǯN. 101$ MJQPTPNF TVTQFOTJPO DPOUBJOJOH ǫǪNPMǝ %-11 %.11 %111 PS 0D"
.19 XBT MPBEFE JOUP B EJBMZTJT DBTTFUUF BOE EJBMZTFE BHBJOTU ǭǪǪ N- )&1&4 CVêFS GPS ǭ EBZT
1IPTQIPS DPODFOUSBUJPO XBT EFUFSNJOFE CZ *$1.4 BOE UIF 67 BCTPSCBODF BOE ìVPSFTDFODF
PG USZQUPQIBO XBT NFBTVSFE "MM NFBTVSFNFOUT XFSF DPOEVDUFE PO TBNQMFT CFGPSF BOE BGUFS
EJBMZTJT ɨF 67 NFBTVSFNFOUT XFSF DBSSJFE PVU PO B 6OJDBN )FMJPT BMGB 67WJTJCMF TQFD
USPQIPUPNFUFS BU XBWFMFOHUIT GSPN ǬǬǪ UP ǭǮǪ ON XJUI BO JODSFNFOU PG ǪǬ ON BOE B TDBO
TQFFE PG ǭǰǪǪ ONT ɨF ìVPSFTDFODF NFBTVSFNFOUT XFSF DPOEVDUFE PO B 4-. ǲǪǪǪ TQFD
USPìVPSPNFUFS FRVJQQFE XJUI B TJOHMFHSBUJOH FNJTTJPO NPOPDISPNBUPS BOE B EPVCMFHSBUJOH
FYDJUBUJPO NPOPDISPNBUPS "O FYDJUBUJPO XBWFMFOHUI PG ǬǲǪ ON BOE FNJTTJPO XBWFMFOHUIT
GSPN ǭǪǪ UP ǮǪǪ XFSF VTFE &YDJUBUJPO BOE FNJTTJPO CBOEQBTT XFSF ǫǰ ɨF FNJTTJPO QPMBSJTFS
XBT PSJFOUFE BU Ǫ◦ SFMBUJWF UP UIF WFSUJDBM BOE UIF FYDJUBUJPO QPMBSJ[FS XBT PSJFOUFE BU ǳǪ◦
4QFDUSB XFSF NFBTVSFE VTJOH B Ǯ × ǫǪNN DVWFUUF BOE DPMMFDUFE XJUI ǯǪ JODSFNFOUT BOE BO
JOUFHSBUJPO UJNF PG Ǭǯ T
ǰǭ
Ǳ &ĈĀõĂùýõþĄñü 1ĂÿóõôąĂõ
$.$ NFBTVSFNFOUT
ɨFNFUPEF EFTDSJCFE CZ 8JMIFN FU BM <ǫǯǳ> XBT VTFE BOE DBSSJFE PVU VTJOH B )JUBDIJ 'ǱǪǪǪ
'- 4QFDUSPQIPUPNFUFS "MM TQFDUSB XFSF NFBTVSFE BU BO FNJTTJPO XBWFMFOHUI PG ǭǲǮ ON BOE
FYDJUBUJPO XBWFMFOHUIT GSPN ǭǫǪ UP ǭǰǪ ON &YDJUBUJPO BOE FNJTTJPO TMJUT XFSF Ǭǯ ON BOE B
TDBO TQFFE PG ǬǮǪ ONNJO -JQJE TVTQFOTJPOT GSPN Ǫǫ UP ǫǪǪǪ μ. XFSF QSFQBSFE DPOUBJOJOH
Ǫǰμ. QZSFOF BOE JODVCBUFE BU ǰǪ◦$ GPS ǬI CFGPSF TUJSSFE PWFSOJHIU UP PCUBJO FRVJMJCSJVN PG
QZSFOF JO UIF BRVFPVT BOE IZESPQIPCJD FOWJSPONFOU ɨF FYDJUBUJPO TQFDUSVN PG QZSFOF XBT
NFBTVSFE BOE UIF OPSNBMJTFE JOUFOTJUZ SBUJP PG R = I339/I333 XBT QMPUUFE BT B GVODUJPO PG
UIF MPHBSJUINJD DPODFOUSBUJPO 	MPH $

%4$ NFBTVSFNFOUT
%JêFSFOUJBM TDBOOJOH DBMPSJNFUSZ 	%4$
 NFBTVSFNFOUT XFSF NBEF VTJOH B 5" *OTUSVNFOUT
/BOP %4$ BU B TDBO SBUF PG ǪǬ◦$NJO "MM NFBTVSFNFOUT DPOTJTUFE PG UXP TVDDFFEJOH TDBOT
SFDPSEFE GSPN ǬǪ UP ǰǯ◦$ BOE CBDL ɨF DPODFOUSBUJPO PG UIF -67 MJQJE TVTQFOTJPOT XBT
ǫ N. XIJDI JODMVEFE UIF UPUBM DPODFOUSBUJPO PG 101$ %11&1&(2000 %41&1&(2000
%-11 %.11 BOE %111
'PS UIF NFBTVSFNFOUT PO BODIPSJOH TUBCJMJUZ ǬǪǪμ- ǯ N. -67 TVTQFOTJPO DPOUBJOJOH
ǫǪNPMǝ %-11 %.11 %111 %41&1&(2000 PS %11&1&(2000 XBT NJYFE XJUI Ǳǭǯμ-
ǫǭǰ N..-7 TVTQFOTJPO PG QVSF %11$ WFTJDMFT BOE EJMVUFE XJUI ǱǬǰǯμ- CVêFS ZJFMEJOH ǫ
N. DPODFOUSBUJPOT PG FBDI UZQF PG MJQPTPNFT ɨF NJYUVSF XBT TUJSSFE PWFSOJHIU BU SPPN UFN
QFSBUVSF EFHBTTFE USBOTGFSSFE UP UIF DBMPSJNFUFS BOE B %4$ TDBO XBT DPOEVDUFE "QQSPQSJBUF
CBTFMJOFT PG CVêFST XFSF TVCUSBDUFE GSPN UIF %4$ TDBOT
$JTQMBUJO FODBQTVMBUJPOT BOE SFMFBTF TUVEJFT
-JQPTPNFT XJUI FODBQTVMBUFE DJTQMBUJO XFSF GPSNVMBUFE BT EFTDSJCFE FBSMJFS FYDFQU UIF IZESBUJPO
XBT QFSGPSNFE VTJOH B )&1&4 CVêFS DPOUBJOFE ǫ PS Ǯ NHN- DJTQMBUJO ǭǪǪμ- PG UIF IZESBUFE
BOE FYUSVEFE MJQPTPNFT XFSF MPBEFE JOUP B EJBMZTJT DBTTFUUF 	ǫǪǪǪǪ .8$0
 BOE EJBMZTFE
BHBJOTU ǭǪǪN-)&1&4 CVêFS GPS ǭ EBZT DIBOHJOH UIF CVêFS PODF B EBZ UP B UPUBM PG UISFF UJNFT
ǭǪμ- PG UIF EJBMZTFE MJQJE TVTQFOTJPO XFSF NJYFE ǫǫ XJUI B TUPDL TPMVUJPO PG UIFSNPMZTJO BOE
JODVCBUFE PWFSOJHIU BU ǭǱ◦$ ǭǪμ- DPOUSPM TBNQMF XJUIPVU UIFSNPMZTJO XFSF BMTP JODVCBUFE
ɨF JODVCBUFE TBNQMFT XFSF EJMVUFE UP B ëOBM WPMVNF PG ǭNM BOE ǬǯǪV- XBT GPMMPXJOHMZ EJMVUFE
ǫǪ GPME JO ǫǝ )/0ǭ UP EFUFSNJOF UP UPUBM 1 BOE 1U DPOUFOU ɨF SFNBJOJOH ǬǱ N- XFSF
ëMUFSFE CZ DFOUSJGVHJOH GPS ǯ NJO 	Uǫǯ◦ ǬǯǪǪ(
 JO B 8IBUNBO DFOUSJGVHF ëMUFS 7FDUB4QJO
ǭ 	ǭǪ, .8$0 QPMZTVMQIPOF ǭ N-
 VTJOH B 4JHNB -BCPS[FOUSJGVHFO ǭ,ǫǯ ǭǪǪμ- PG UIF
ëMUSBUF XFSF EJMVUFE ǫǪ GPME JO ǫǝ )/0ǭ UP EFUFSNJOF UIF FYUFSJPS DPOUFOU PG 1U BOE 1 ɨF
SFUFOUBUF XBT USFBUFE TJNJMBS UP UIF ëMUSBUF %-4 NFBTVSFNFOUT XFSF DPOEVDUFE GPS BMM TBNQMFT
PO B .BMWFSO ;FUBTJ[FS /BOP BT EFTDSJCFE FBSMJFS
ǰǮ
$SZP5&.
&MFDUSPO NJDSPTDPQZ TUVEJFT XFSF QFSGPSNFE VTJOH B 1IJMJQT $.ǫǬǪ #JP58*/ USBOTNJTTJPO
FMFDUSPO NJDSPTDPQF XJUI B DSZPIPMEFS BOE B DSZPUSBOTGFS TUBHF ɨF TBNQMF QSFQBSBUJPO QSP
DFEVSF <ǫǲǳ> DPOTJTUT JO TIPSU PG UIF GPMMPXJOH " UIJO ëMN PG TBNQMF TPMVUJPO XBT QSFQBSFE
CZ B CMPUUJOH QSPDFEVSF QFSGPSNFE JO B DVTUPNCVJMU FOWJSPONFOUBM DIBNCFS XJUI DPOUSPMMFE
UFNQFSBUVSF 	Ǭǯ◦$
 BOE IVNJEJUZ " ESPQ PG UIF TPMVUJPO XBT QMBDFE POUP B MBDFZ DBSCPO ëMN
	CMBDL BSFB
 TVQQPSUFE CZ B DPQQFS HSJE &YDFTT TPMVUJPO XBT SFNPWFE VTJOH ëMUFS QBQFS SFTVMU
JOH JO B UIJO ëMN PG UIF TBNQMF TPMVUJPO UP TQBO UIF IPMFT PG UIF DBSCPO HSJE 7JUSJëDBUJPO
PG UIF UIJO ëMN XBT BDIJFWFE CZ SBQJEMZ QMVOHJOH UIF HSJE JOUP MJRVJE FUIBOF 	ǫǲǪ◦$
 ɨF
WJUSJëFE TQFDJNFO XBT TVCTFRVFOUMZ USBOTGFSSFE UP UIF NJDSPTDPQF ɨF UFNQFSBUVSF XBT LFQU
CFMPX ǫǰǯ◦$ EVSJOH CPUI UIF USBOTGFS BOE WJFXJOH QSPDFEVSFT UP QSFWFOU TBNQMF QFSUVSCBUJPO
BOE GPSNBUJPO PG JDF DSZTUBMT 4BNQMFT XFSF QSFQBSFE JO B ëOBM MJQJE DPODFOUSBUJPO PG ǯ N.
ɨF TBNQMFT XFSF FRVJMJCSBUFE BU BNCJFOU UFNQFSBUVSF GPS ǬǮ IPVST CFGPSF WJUSJëDBUJPO
ǰǯ
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4PMJE QIBTF TZOUIFTJT
ɨF XPSL QSFTFOUFE JO UIJT UIFTJT IBT GPDVTFE PO IPX TVSGBDF NPEJëDBUJPOT PG MJQPTPNFT FêFDU UIF FO[Z
NBUJD BDUJWJUZ PG ..1Ǭ UPXBSET B TVSGBDF BODIPSFE TVCTUSBUF *O BEEJUJPO B OFX DMBTT PG MJQPQFQUJEFT
IBT CFFO DIBSBDUFSJTFE CZ EFUFSNJOJOH UIF DPNQPVOET $.$ NFNCSBOF QBSUJUJPOJOH BOE NJHSBUJPO BT
XFMM BT UIFJS FêFDU PO UIF NBJO USBOTJUJPO PG %11$ɨFTF TUVEJFT DPVME OPU IBWF CFFO QFSGPSNFE XJUIPVU
UIF TZOUIFTJT PG UIF JOEJWJEVBM MJQPQFQUJEFT " DPOTJEFSBCMF BNPVOU PG UJNF EVSJOH UIF UISFF ZFBST PG UIJT
QSPKFDU IBT CFFO TQFOU JO MFBSOJOH IPX UP TZOUIFTJTF QVSJGZ BOE XPSL XJUI UIFTF UZQFT PG DPNQPVOETɨJT
DIBQUFS XJMM CSJFìZ EFTDSJCF UIF FYQFSJFODF * IBWF HBJOFE GSPN VTJOH TPMJE QIBTF TZOUIFTJT BOE 31)1-$
*OUSPEVDUJPO UP TPMJE QIBTF TZOUIFTJT
4PMJE QIBTF QFQUJEF TZOUIFTJT XBT JOUSPEVDFE CZ .FSSJëFME JO ǫǳǰǭ <ǫǲǰ> BOE TJODF UIFO OVNFSPVT
BEWBODFE NFUIPET IBWF CFFO EFWFMPQFE 'PS OFX QSBDUJUJPOFST PG 'NPD CBTFE TPMJE QIBTF TZOUIFTJT *
IJHIMZ SFDPNNFOE UIF CSPDIVSF hhɨF #BDIFN 1SBDUJDF PG 4114hh 	BOE GPS FYUFOEFE SFBEJOH UIF SFGFS
FODFT UIFSFJO
 XIJDI DBO CF PSEFSFE BU OP DPTU GSPN #BDIFNT XFCQBHF  %VSJOH NZ XPSL * IBWF TPMFMZ
VTFE 'NPD CBTFE TPMJE QIBTF TZOUIFTJT XIJDI JT UIF NPTU DPNNPO VTFE TUSBUFHZ UIFSFGPSF UIF BMUFSOBUJWF
#PD TUSBUFHZ XJMM OPU CF EFTDSJCFE JO UIJT DIBQUFS
ɨF TUSBUFHZ GPS TPMJE QIBTF QFQUJEF TZOUIFTJT JOWPMWFT B TUFQXJTF DPVQMJOH PG BNJOP BDJET UP B HSPXJOH
QFQUJEF DIBJO ɨF /UFSNJOBM PG UIF BNJOP BDJET BSF QSPUFDUFE XJUI UIF 'NPD HSPVQ XIJMF UIF TJEF DIBJO
NBZ CF QSPUFDUFE 	JG OFDFTTBSZ
 CZ B MBSHF TFMFDUJPO PG QSPUFDUJOH HSPVQT 'JHVSF ǫ JMMVTUSBUFT UIF HFOFSBM
TUSBUFHZ PG 4114
'PS BMM UIF TZOUIFTJT DPOEVDUFE EVSJOH UIF MBTU UISFF ZFBST * IBWF VTFE )"56 BT B DPVQMJOH BHFOU BOE
%.' BT TPMWFOU /VNFSPVT DPVQMJOH BHFOUT FYJTU BOE UIFJS TFMFDUJPO EFQFOET PO UIF TQFDJëD DPVQMJOH BOE
UIF SFTJO CFJOH VTFE )PXFWFS JU XBT OPU OFDFTTBSZ UP DIBOHF DPVQMJOH BHFOU PS SFTJO GPS UIF TZOUIFTJT PG
MJQPQFQUJEFT DBSSJFE PVU UIJT UIFTJT ɨF 'NPD HSPVQ XBT SFNPWFE CZ XBTIJOH XJUI ǬǪǝ WW QJQFSJEJOF
JO %.' &BDI DPVQMJOH BOE EFQSPUFDUJPO TUFQ XBT NPOJUPSFE CZ UIF ,BJTFS OJOIZESJO UFTU <ǫǲǱ> ɨF
DMFBWBHF GSPN UIF TPMJE TVQQPSU BOE UIF SFNPWBM PG 11(T XBT EPOF XJUI B NJYUVSF PG 5'"5*4)20
	ǳǯǬǯǬǯ
 0OMZ UXP DPVQMJOHT IBWF CFFO B DIBMMFOHF
t ɨF DPVQMJOH PG JTPMFVDJOF BGUFS QSPMJOF JO UIF QFQUJEF TFRVFODF PG 4"1&1
t ɨF DPVQMJOH PG UISFF DPOTFDVUJWF BSHJOJOFT JO UIF QFQUJEF TFRVFODF PG 4"1&1
7JTJU IUUQTXXXCBDIFNDPN BOE DMJDL PO UIF MJOL hDPOUBDUh 4FMFDU ZPVS DPOUSZ BOE h1MFBTF TFOE NF B CSPDIVSFh 4FMFDU
hɨF #BDIFN 1SBDUJDF PG 4114h BOE ëMM PVU UIF DPOUBDU GPSN
ǲǱ
4ÿüùô Āøñăõ ăĉþĄøõăùă
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'JHVSF Ċ 4PMJE QIBTF QFQUJEF TZOUIFTJT QSPDFFET CZ DPOUJOVPVT DPVQMJOH BOE EFQSPUFDUJPO TUFQT VOUJM UIF EFTJSFE TFRVFODF JT PCUBJOFE
ǲF íSTU BNJOP BDJE JT BUUBDIFE UP UIF TPMJE TVQQPSUSFTJO GPMMPXFE CZ SFNPWBM PG UIF UFNQPSBSZ QSPUFDUJOH HSPVQ 	51(
 MPDBUFE BU UIF
/UFSNJOBM "GUFS FBDI TUFQ XBTIJOH XJUI BQQSPQSJBUF TPMWFOUT JT DBSSJFE PVU ǲF TJEF DIBJO QFSNBOFOU QSPUFDUJPO HSPVQ 	11(
 SFGFST UP
B HSPVQ UIBU JT SFNPWFE JNNFEJBUFMZ CFGPSF PS TJNVMUBOFPVTMZ UP DMFBWBHF GSPN UIF TPMJE TVQQPSU ǲF UFNQPSBSZ QSPUFDUJOH HSPVQ 	51(

JT SFNPWFE EVSJOH FBDI DZDMF CFGPSF DPVQMJOH PG UIF QSPDFFEJOH BNJOP BDJE ǲF 51( DBO FJUIFS CF 'NPD PS #PD ǲJT íHVSF XBT LJOEMZ
QSPWJEFE CZ ǲPNBT &U[FSPEU %56 /BOPUFDI %FONBSL
ɨF DPVQMJOH PG *MF XBT TVDDFTTGVMMZ DPNQMFUFE CZ JODSFBTJOH UIF DPVQMJOH UJNF XIJMF UIF DPVQMJOH PG
"SH XBT EPOF UISFF UJNFT GPS FBDI BSHJOJOF CFGPSF UIF ,BJTFS OJOIZESJO UFTU <ǫǲǱ> QSPWFE GVMM DPNQMFUJPO
$IBMMFOHFT MJLF UIFTF DBO JONPTU DBTFT CF BWPJEFE CZ DBSFGVMMZ TFMFDUJPO PG UIF BQQSPQSJBUF SFTJO BT EJTDVTTFE
JO UIF OFYU TFDUJPO
-JOLFST BOE SFTJO
ɨF TFMFDUJPO PG SFTJO BOE MJOLFS JT UIF JOJUJBM TUFQ JO B TPMJE QIBTF TZOUIFTJT BOE BSF DSJUJDBM GPS UIF PVUDPNF
" MBSHF EJWFSTJUZ PG MJOLFST FYJTUT BOE UIF DIPTFO MJOLFS XJMM EFUFSNJOF UIF GVODUJPOBMJUZ PG UIF $UFSNJOBM
QFQUJEF BGUFS DMFBWBHF FH BDJE PS BNJEF 'VSUIFSNPSF UIF MJOLFST EJêFS JO UIF GBDJMJUZ PG CFJOH DMFBWFE
GSPN UIF TPMJE TVQQPSU XIJDI CFDPNFT BO JNQPSUBOU BTQFDU JG POF EFTJSFT UP DMFBWF UIF QFQUJEF GSPN UIF
SFTJO XJUIPVU SFNPWJOH UIF 11(T
ɨF DIPJDF PG SFTJO BOE UIF MPBEJOH ¤ EFUFSNJOF UIF IPX EJïDVMU UIF DPVQMJOH TUFQT XJMM QSPDFFE JO
WBSJPVT XBZT ɨF SFTJOT BCJMJUZ UP TXFMM JO EJêFSFOU TPMWFOUT EFUFSNJOFT IPX FYQPTFE UIF BDUJWF TJUFT BSF
UP UIF TPMWFOU XIJMF UIF MPBEJOH EFUFSNJOFT IPX DMPTF UIF BDUJWF TJUFT BSF UP FBDI PUIFS *O HFOFSBM MPX
MPBEJOH 	∼ ǪǬǯNNPMH
 JT SFDPNNFOEFE GPS FBTJFS DPVQMJOHT BOE JU JT FTTFOUJBM XIFO TZOUIFTJTJOH MBSHFS
QFQUJEFT 	ǬǪ BNJOP BDJET PS NPSF
 "OPUIFS BEWBOUBHF PG MPX MPBEJOH JT B SFEVDUJPO JO UIF DPVQMJOH UJNF
1SPUFDUJOH HSPVQT TJEF SFBDUJPOT BOE JODPNQMFUF DPVQMJOH
"NJOP BDJET BSF SFBEJMZ DPNNFSDJBM BWBJMBCMF XJUI B XJEF TFMFDUJPO PG 11(T UIBU BSF BDJE MBCJMF UIFSFCZ
SFNPWBCMF EVSJOH DMFBWBHF PG UIF DPNQMFUFE QFQUJEF TFRVFODF GSPN UIF SFTJO $IPPTJOH PSUIPHPOBM 11(T
BMMPXT GPS TFMFDUJWF SFNPWBM PG TPNF 11(T CFUXFFO DPVQMJOHT BOE UIFSFCZ DPOTFRVFOUMZ QFSGPSN TFMFDUJWF
¤"DUJWF TJUFT XIFSF UIF ëSTU BNJOP BDJET DBO CF BUUBDIFE VTVBMMZ QSPWJEFE JO NNPMH
ǲǲ
ǲSFBDUJPOT PO TQFDJëD TJEF DIBJOT ɨJT TUSBUFHZ JT VTVBMMZ TFMFDUFE XIFO QFQUJEFT XJUI EJTVMëEF CPOET BSF
TZOUIFTJTFE PS UIF BNJOP HSPVQ JO UIF MZTJOF TJEF DIBJO BSF NPEJëFE .BOZ LOPX TJEF SFBDUJPOT DBO CF
BWPJEFE TFMFDUJOH UIF SJHIU 11(T BOE FYDFMMFOU HVJEFT DBO CF GPVOE PO NPTU TVQQMJFSTh XFCQBHF ɨF
NPTU DPNNPO DIBMMFOHF JO TPMJE QIBTF QFQUJEF TZOUIFTJT JT JODPNQMFUF DPVQMJOH ɨFSF BSF TFWFSBM GBDUPST
UIBU DBO BêFDU UIF DPVQMJOH PêFSJOH NBOZ QPTTJCMF TPMVUJPOT #FTJEFT QSPMPOHJOH UIF DPVQMJOH UJNF BOE
DPVQMF NVMUJQMF UJNFT BT NFOUJPOFE FBSMJFS UIF NPTU DPNNPO TPMVUJPOT BSF DIBOHJOH UP B MPXFS MPBEFE
SFTJO DIBOHF UIF DPVQMJOH TPMWFOU PS DIBOHF UIF DPVQMJOH BHFOU " WBSJBUJPO PG UIF DIBOHJOH UIF DPVQMJOH
BHFOU JT VTJOH DPNNFSDJBMMZ BWBJMBCMF BDUJWBUFE FTUFS PG UIF BNJOP BDJE
1VSJíDBUJPO VTJOH 31)1-$
ɨF UZQFT PG MJQPQFQUJEFT TZOUIFTJTFE EVSJOH UIJT 1I% QSPKFDU BSF JMMVTUSBUFE JO 'JHVSF Ǭ
Peptide sequence
Peptide sequence
Peptide sequence
PEG polymer
'JHVSF ČǲF UISFF UZQFT PG MJQPQFQUJEFT TZOUIFTJTFE GPS UIF XPSL QSFTFOUFE JO UIJT UIFTJT
%VF UP UIF MJQJE BODIPS UIF TUBOEBSE QSPDFEVSF PG QSFDJQJUBUJOH UIF QFQUJEF JO NFUIZMtCVUZMFUIFS
XBT OPU BQQMJDBCMF *OTUFBE UIF DMFBWBHF NJYUVSF DPOUBJOJOH UIF MJQPQFQUJEF XBT DPODFOUSBUFE PO SPUBSZ
FWBQPSBUPS BOE SFTVTQFOEFE JO B NJYUVSF PG XBUFS$)3$/ CFGPSF MZPQIJMJTFE ɨF DSVEF QSPEVDU XBT
UIFO EJTTPMWFE JO %.40 QSJPS QVSJëDBUJPO VTJOH 31)1-$
%FQFOEJOH JO UIF UZQF PG MJQPQFQUJEF FJUIFS B ,OBVFS &VSPTQIFSF $ǫǲ 	4"1&1
 PS 8BUFST 9UFSSB $ǫǲ
DPMVNO 	%-11 %.11 BOE %111
 XFSF VTFE GPS TFNJ QSFQBSBUJWF 31)1-$ -JQPQFQUJEFT DPOUBJOJOH
UXP GBUUZ BDJE CVU OP 1&( QPMZNFS XFSF BMTP TZOUIFTJTFE GPS TFWFSBM UFTU TUVEJFT ɨJT UZQF PG MJQPQFQUJEFT
XFSF QBSUJDVMBSMZ USPVCMFTPNF UP QVSJGZ BOE SFRVJSFE IBSTI NFUIPET JO PSEFS UP EJTTPMWF UIF DSVEF QSPEVDU
JO %4.0 CFGPSF QVSJëDBUJPO VTJOH B 8BUFST 9UFSSB $ǲ DPMVNO 8IFO QVSJGZJOH UIF MJQPQFQUJEFT UIF
CJHHFTU DIBMMFOHF XBT ëOEJOH B TVJUBCMF TPMWFOU GPS EJTTPMWJOH UIF DSVEF QSPEVDU BOE TFMFDUJOH UIF SJHIU
DPMVNO ɨF TPMWFOU QSPëMFT VTFE SFTVMUFE GSPN B TUBOEBSE NFUIPE PQUJNJTBUJPO GPS 31)1-$
$PODMVEJOH SFNBSLT
-PPLJOH CBDL BU BMM UIF UJNF TQFOU TZOUIFTJTJOH BOE QVSJGZJOH MJQPQFQUJEFT UIF NPTU JNQPSUBOU HBJOFE
LOPXIPX DPODFSOT UIF JNQPSUBODF PG UIF DPSSFDU TFMFDUJPO PG SFTJO ɨF CFTU FYBNQMF BSF UIF GBDJMF TZO
UIFTJT PG UIF MJQJEQFQUJEF1&( DPOKVHBUFE JMMVTUSBUFE JO 'JHVSF Ǭ ɨF SFBMJTBUJPO UIBU 3BQQ 1PMZNFSF
QSPEVDFE B UFOUBHFM SFTJO XIFSF UIF DMFBWBCMF MJOLFS XBT CFUXFFO UIF 1&( NPJFUZ BOE UIF TPMJE TVQQPSU
NBEF JU TJHOJëDBOUMZ FBTJFS UP PCUBJO UIF EFTJSFE QSPEVDU
ǲǳ

4VQQMFNFOUBSZ *OGPSNBUJPO
'JHVSFT BOE 5BCMFT
310 320 330 340 350 360
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'JHVSF č &YDJUBUJPO TQFDUSB NPOJUPSFE BU ėĜĘ ON TIPXJOH UIF TIJGU PG UIF QZSFOF TJHOBM BT UIF QBSUJUJPOJOH GSPN UIF BRVFPVT UP UIF
NJDFMMBS FOWJSPONFOU PDDVST
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48 50DPPC in buffer
10% DLPP
10% DMPP
10% DPPP
10% DPPE−PEG2000
Temperature οC
H
ea
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p
'JHVSF ďǲF TFDPOE VQTDBO PG %11$ .-7T DPOUBJOJOH ďč NPMĀ %-11 %.11 %111 BOE %11&1&(2000
ǳǫ
4ąĀĀüõýõþĄñĂĉ *þöÿĂýñĄùÿþ
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DPPC in buffer
0.1% DP
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(A)
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DPPC in buffer
0.1% DPPE−PEG2000
0.25% DPPE−PEG2000
0.5% DPPE−PEG2000
1% DPPE−PEG2000
2% DPPE−PEG2000
5% DPPE−PEG2000
10% DPPE−PEG2000
Temperature οC
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p
(B)
'JHVSF ĖǲF TFDPOE VQTDBO PG %11$ .-7T DPOUBJOJOH EJìFSFOU BNPVOU PG %111 	"
 PS %11&1&(2000 	#

ǳǬ
ǲ1 10 100 1000 10000
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DPPC/DLPP (90:10) Retentate
Incubated with Thermolysin
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DPPC/DMPP (90:10) Retentate
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DOPE/POPC/DPPP 
(78:12:10) 
Retentate
Incubated with Thermolysin
Average d.nm
%
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te
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'JHVSF ėǲF SBX %-4 EBUB GPS UIF %11$%-11 	ĝčďč
 %11$%.11 	ĝčďč
 BOE %01&101$%111 	ěĖďĜďč
 MJQPTPNFT
IZESBUFE JO ďNHN- DJTQMBUJO CVìFS TPMVUJPO
Ile-Asn-Trp-Lys-Gly-Ile-Ala-Ala-Met-Ala-Lys-Lys-Leu-Leu-NH2N
H
O
'JHVSF Ę 0D".19 LJOEMZ QSPWJEFE CZ ǲPNBT &U[FSPEU %56 /BOPUFDI %FONBSL BOE VTFE XJUIPVU GVSUIFS QVSJíDBUJPO
ǳǭ
4ąĀĀüõýõþĄñĂĉ *þöÿĂýñĄùÿþ
ǳǮ
ǲ1SF 5SBOTJUJPO .BJO 5SBOTJUJPO
Tm ΔHm Tm ΔHm ΔT1/2
◦C kcal/mol ◦C kcal/mol ◦C
1VSF %11$
4DBO ǫ ǭǯǮ Ǫǯǲ ǮǫǬ Ǳǳǫ ǪǫǱ
4DBO Ǭ ǭǯǪ ǪǱǱ Ǯǫǭ ǲǬǬ ǪǫǱ
101$ BOE %11$ NJY
4DBO ǫ ǭǯǯ ǪǲǮ Ǯǫǭ ǱǱǮ Ǫǫǲ
4DBO Ǭ ǭǯǫ Ǫǯǳ Ǯǫǭ ǳǪǪ ǪǬǫ
%-11101$
4DBO ǫ ǭǯǰ ǪǲǮ Ǯǫǭ ǱǱǬ Ǫǫǳ
4DBO Ǭ ǭǮǲ ǪǬǲ Ǯǫǭ ǲǲǳ ǪǬǫ
%.11101$
4DBO ǫ ǭǯǱ ǪǱǰ Ǯǫǭ Ǳǰǳ ǪǬǪ
4DBO Ǭ ǭǮǳ Ǫǯǯ Ǯǫǭ ǫǪǪǯ ǪǬǮ
%111101$
4DBO ǫ ǭǯǯ ǪǳǪ Ǯǫǭ ǲǲǭ ǪǬǫ
4DBO Ǭ ǭǮǰ Ǫǳǯ Ǯǫǭ ǫǪǳǯ ǪǬǯ
%11&1&(2000101$
4DBO ǫ ǭǯǲ Ǫǲǳ ǮǫǮ ǰǰǬ ǪǬǳ
4DBO Ǭ ǭǮǱ Ǫǭǲ ǮǫǮ ǰǳǭ Ǫǭǳ
%-11%11$ 	ǫǪǳǪ

4DBO ǫ   ǮǫǪ ǯǫǰ ǫǮǲ
4DBO Ǭ   ǮǫǪ ǯǱǪ Ǫǰǭ
%.11%11$ 	ǫǪǳǪ

4DBO ǫ   ǮǫǪ ǮǬǫ Ǫǲǰ
4DBO Ǭ   ǮǫǪ ǮǬǪ ǫǪǬ
%111%11$ 	ǫǪǳǪ

4DBO ǫ   ǮǪǱ ǭǯǳ ǫǫǪ
4DBO Ǭ   ǮǪǱ ǮǫǮ ǫǭǪ
%11&1&(2000%11$ 	ǫǪǳǪ

4DBO ǫ   ǮǪǳ ǯǯ Ǯǫǳ
4DBO Ǭ   ǮǪǱ ǯǯǯ ǮǬǮ
%111%11$ 	Ǫǫǳǳǳ

4DBO ǫ ǭǮǭ Ǫǭǳ ǮǫǬ ǰǪǪ ǪǬǱ
4DBO Ǭ ǭǭǳ ǪǬǲ Ǯǫǭ ǯǳǫ ǪǬǱ
%111%11$ 	ǪǬǯǳǳǱǯ

4DBO ǫ ǭǭǲ ǪǬǰ ǮǫǬ ǯǱǮ ǪǬǰ
4DBO Ǭ ǭǮǪ ǪǬǱ Ǯǫǭ ǰǱǰ ǪǬǯ
%111%11$ 	Ǫǯǳǳǯ

4DBO ǫ ǭǭǱ ǪǭǱ ǮǫǬ ǰǫǱ ǪǭǬ
4DBO Ǭ ǭǮǪ ǪǫǱ ǮǫǬ ǰǭǰ ǪǬǳ
%111%11$ 	ǫǳǳ

4DBO ǫ ǭǭǰ ǪǬǮ ǮǫǬ ǰǫǮ ǪǮǯ
4DBO Ǭ ǭǭǰ Ǫǫǭ ǮǫǬ ǰǭǫ ǪǮǪ
%111%11$ 	Ǭǳǲ

4DBO ǫ   ǮǫǬ ǯǱǫ ǪǮǯ
4DBO Ǭ   ǮǫǬ ǯǳǯ ǪǮǭ
%111%11$ 	ǯǳǯ

4DBO ǫ   Ǯǫǫ ǯǯǮ Ǫǰǭ
4DBO Ǭ   Ǯǫǫ ǯǲǰ ǪǱǬ
%111%11$ 	ǫǪǳǪ

4DBO ǫ   ǮǪǳ ǰǪǮ ǫǭǬ
4DBO Ǭ   ǮǪǲ ǰǭǱ ǫǯǭ
%11&1&(2000%11$ 	Ǫǫǳǳǳ

4DBO ǫ ǭǭǳ Ǫǯǲ Ǯǫǭ ǯǳǬ ǪǬǮ
DPOUJOVFE PO OFYU QBHF
ǳǯ
4ąĀĀüõýõþĄñĂĉ *þöÿĂýñĄùÿþ
DPOUJOVFE GSPN QSFWJPVT QBHF
1SF 5SBOTJUJPO .BJO 5SBOTJUJPO
Tm ΔHm Tm ΔHm ΔT1/2
◦C kcal/mol ◦C kcal/mol ◦C
4DBO Ǭ ǭǮǪ Ǫǭǳ Ǯǫǭ ǰǫǱ ǪǬǮ
%11&1&(2000%11$ 	ǪǬǯǳǳǱǯ

4DBO ǫ ǭǮǪ Ǫǯǰ ǮǫǬ ǰǰǭ ǪǬǰ
4DBO Ǭ ǭǮǫ Ǫǯǫ Ǯǫǭ ǰǱǳ ǪǬǱ
%11&1&(2000%11$ 	Ǫǯǳǳǯ

4DBO ǫ ǭǮǫ ǪǮǰ Ǯǫǭ ǯǫǬ ǪǭǪ
4DBO Ǭ ǭǮǪ ǪǮǯ Ǯǫǭ ǯǫǮ Ǫǭǰ
%11&1&(2000%11$ 	ǫǳǳ

4DBO ǫ ǭǭǮ ǪǯǱ ǮǫǬ ǲǭǪ ǪǭǬ
4DBO Ǭ ǭǭǳ Ǫǰǫ ǮǫǬ ǲǮǬ Ǫǭǭ
%11&1&(2000%11$ 	Ǭǳǲ

4DBO ǫ ǭǭǲ Ǫǯǳ ǮǫǬ ǰǱǲ ǪǮǬ
4DBO Ǭ ǭǭǲ Ǫǭǳ ǮǫǬ ǰǭǭ Ǫǭǲ
%11&1&(2000%11$ 	ǯǳǯ

4DBO ǫ ǭǮǮ ǪǬǰ ǮǪǰ ǰǮǲ ǫǭǭ
4DBO Ǭ ǭǮǲ ǪǫǪ ǮǪǰ ǰǳǪ ǫǬǭ
%11&1&(2000%11$ 	ǫǪǳǪ

4DBO ǫ   Ǯǫǯ ǯǯǪ Ǯǫǲ
4DBO Ǭ   Ǯǭǫ ǯǯǯǪ ǮǬǮ
5BCMF Ċ TmΔHm BOEΔT1/2 GPS BMM %4$ TDBOT
ǳǰ

